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Introduction 
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Ultrasonography has come to be an important diagnostic tool in most 
specialities including urology. 
In urology ultrasound was first applied to the kidneys and bladder in the 
1950s. Because of poor imgaging there was no general acceptance at that 
time [1-2]; intravenous urography and the urcthrocystoscopy remained the 
keystones of urological diagnosis [2]. 
However, during the last 20 years, a rapid development in ultrasound 
could be noticed by the introduction of grey-scale and real-time scanning. 
Intracavital scanning (intravesical and transrectal) also substantially 
increased the potential value of ultrasound in urology. 
Several manufacturers have started to develop and produce ultrasono-
graphic equipment with an increasing number of possible applications. 
As a consequence, ultrasonographic equipment is already used in many 
urological clinics. 
It remains to be determined by in-depth studies, whether all the claims 
for ultrasonography made by the vendors and certain physicians are realis-
tic and whether they are meaningful in the daily urological practice. 
In this thesis we will try to define the real importance of ultrasonography 
in urology. This will be done by investigating and discussing techniques 
that are being used and recommended. 
In a short historical review we will describe how ultrasonography entered 
the field of urology [1-3]. The pioneers in urological ultrasound will be men-
tioned and their contributions to the development illustrated (Chapter 2). 
Although detailed knowledge of the physics and electronics of ultra-
sound are mandatory for further development of equipment, only some 
basic technical principals need to be known in daily urological practice. 
These and other requirements that may improve the quality of ultrasono-
graphic investigations will be described briefly [3,4] (Chapter 3). 
Previously in all patients suffering from prostatism the urinary tract was 
screened by intravenous urography and urcthrocystoscopy [6,7]. 
To prevent the side effects of those examinations (radiation, adverse reac-
tions to contrast medium, urethral strictures and urinary tract infections) it 
will be investigated if the intravenous urography and the urcthrocystoscopy 
could be replaced by ultrasonography of the kidneys, bladder and prostate. 
This should preferably be done during one single visit at the outpatient 
department [8]. Using urcthrocystoscopy, the information obtained about 
the prostate is very limited. In this study it will be examined if ultrasono-
graphy is a useful tool in differentiating among prostatitis, benign prostatic 
hypertrophy and prostatic carcinoma (Chapter 4). 
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In patients with a carcinoma of the bladder correct staging of the tumor is 
important, because both therapy and prognosis depend directly on it [9,10]. 
In several studies physical examination, bimanual (transrectal or vaginal) 
palpation, intravenous urography and urethrocystoscopy have proved to be 
inaccurate tools in the staging of bladder tumors. Staging errors vary from 0 
to 79% [11]. The CT-scan improves the staging results [12,13], but the 
accuracy is still low. 
Both intravesical ultrasonography and magnetic resonance imaging with 
a double surface coil have recently been recommended as useful techniques 
in staging bladder tumors [12,14]. This will be investigated in a comparative 
pilot study (Chapter 5). 
Residual urine is an important symptom of many urological disorders. So 
far determination of residual urine usually is based on catheterization. It 
will be investigated if catheterization can be replaced with an ultrasono-
graphic technique. This aims to prevent the disadvantages of catheterization 
(urinary tract infections and urethral strictures) [15-17]. In a clinical study, 
the different methods of ultrasonographic estimation of the residual vol-
ume, as they are described in the literature, are tested. Factors that might 
influence the accuracy of the measurement will be analyzed (Chapter 6). 
In patients with prostatism due to benign prostatic hypertrophy it is 
important to know the size of the prostate in order to decide, which operation 
has to be performed in order to minimize the complication rate. A trans-
urethral resection of the prostate is recommended for smaller prostates and 
an abdominal prostatectomy for larger prostates [18,19]. The determination 
of the prostatic volume by digital palpation is very inaccurate. This is 
demonstrated by Meyhoff in his study in 1978 [20]. Another method of 
volumetry of the prostate that uses transrectal ultrasound is described by 
Hastak[21]. 
It will be investigated whether that method is more accurate than digital 
palpation. The accuracy of this planimetrie volumetry will therefore first be 
determined in a cadaver study [21-23] (Chapter 7). In a clinical study this 
same volumetric technique will subsequently be evaluated in a group of 
patients suffering from prostatism (Chapter 8). 
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The origin of ultrasound 
Ultrasound is a branch of acoustics which deals with the study of sound 
waves of frequencies above those within hearing range of the average per-
son (frequencies above 20.000 cycles per second or 20 kHz) [1]. In nature 
there are many examples of ultrasound. In 1974, Larazzo Spalanzini demon-
strated how bats locate obstacles and prey using ultrasound. 
In 1880 the Curie brothers discovered the piezo electric crystal, which 
could serve both as a generator and as a detector of ultrasound [2]. 
Both the Titanic disaster in 1912 and the threat to the Allied Powers by 
submarines during the first World War made it important to develop a 
means for detecting underwater obstructions. 
Langevin applied the ultrasonic techniques developed by the Curies to 
underwater detection of submarines. 
Around 1920, Sokolov suggested that ultrasound could be applied to 
detect hidden flaws in metal [3]. 
In the second World War, due to electronic development, the system for 
detection of submarines evolved into the sophisticated Sound Navigation 
and Ranging (SONAR) systems, which proved to be very important during 
the second World War (Fig. 1). 
Figure 1: In the second World War ultrasound was used for the detection of underwater objects 
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Using the same ultrasonic principles schools of fishes can be traced and the 
depth of water channels can be measured. 
In the application of ultrasound we can distinguish 2 main types [1]: 
a) The high intensity application, which refers to those instances in which 
the purpose is to produce a change or an effect in the medium through 
which the waves pass. An example of this is the application of ultra-
sound as a heating agent. 
b) The low intensity application tells us something about the medium 
through which the waves pass without altering its state. Underwater ice-
bergs are still detected in this way. 
Applications in medicine 
The high intensity application of ultrasound led to its introduction into 
medicine and was used therapeutically as a heating agent [1]. The low 
intensity application nowadays plays a more important role and was first 
applied in Austria in 1937 by the Dussik brothers (a psychiatrist and a tech-
nician). They were the first to describe the use of ultrasound for imaging 
intracranial tumors and made "hyperphonograms" of the head [3]. The tech-
nique was too crude for clinical application and was therefore abandoned. 
In a similar way gallstones and foreign bodies were detected in tissues by 
Ludwig and Struthers in 1949 [6]. 
From 1949 to 1955, Dr. John Wild, who worked with Neil and Reid, 
demonstrated a difference in the echo patterns of normal and pathological 
breast- and brain tissue by first using a 1-dimensional (A-mode) display and 
then a 2-dimensional (B-mode) display [4]. In 1956 he reported on 117 
patients with suspected abnormalities of the breast and claimed that ultra-
sound diagnosed cancer correctly in 94% of the cases. 
Dr. Douglas Howry, who worked at the University of Colorado Medical 
Center, developed compound scanning [5]. His first ultrasonic scanner was 
built in 1948 and the first publication appeared in 1952 [4]. Using a B-29 gun 
turret, purchased as scrap, a cattle watering trough or a laundry tub as a water 
tank, the transducer carriage was mounted on a ring which rotated around the 
tank while the patient was immersed in water in the center of the tank. In that 
manner the first compound scans were made, producing 2-dimensional images. 
Since then several years have been spent in modifying the scanning mecha-
nisms and several clinical studies have been performed. 
The first contact/compound scanner was completed in 1962 and the trans-
ducer could be placed directly on the skin [1,4]. 
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The transducer could be moved freely and scan in several planes. Dr. Joseph 
Holmes continued Howry's work in Denver by developing new ultrasound 
techniques and, as a nephrologist, he was especially interested in the kidney 
and bladder. 
Dr. Ian Donald started his ultrasonic work in Glasgow in 1954, using an 
ultrasonic metal flaw detection device [6]. 
In 1957 he constructed the first 2-dimensional scanner and began his 
obstetrical studies. He became interested in the use of ultrasonic techniques 
to distinguish between cystic and solid gynaecological lesions [3]. In 1958, 
together with the engineer Tom Brown, he developed the first 2-dimensional 
contact scanner. 
Dr. Inge Edler and Dr. Hellmuth Hertz developed cardioechography in 
the same period. They were able to visualize the movements of the heart by 
ultrasound. 
In 1955 Dr. Laksell used ultrasound to detect intracranial tumors and 
hematoma by demonstrating the deviation of the midline echo. Mundt, 
Hughes and later on Oksala, Baum and Greenwood developed ultrasound 
for ophthalmology [7]. 
In 1972 Wells and Mountford developed tissue characteristics, demon-
strating the different echo patterns in liver diseases [3]. It is in this period 
that urologica! applications of ultrasound became more frequent. 
Urological applications 
Twenty years ago all patients suspected of having carcinoma of the kidney 
by means of intravenous urography (IVU) were candidates for nephrectomy. 
Eleven per cent of the tumors proved to be benign. One per cent of the 
patients died because of the operation. Since then several new diagnostic 
techniques have been developed: nephrotomography, arteriography, scinti-
scanning, computed tomography and percutaneous puncture [8]. 
One of the newest diagnostic techniques is ultrasonic scanning by means 
of which most of the benign lesions, especially cysts, can be diagnosed relia-
bly, and unnecessary operations can be avoided. 
Other applications of ultrasound in urology were established by Wild 
and Reid. In 1951-52 they introduced the transrectal scanning technique for 
rectal lesions, but later used it for ultrasonic study of the bladder [5]. 
Takahashi and Ouchi in Tokyo reported the application of A-mode ultra-
sound for the prostate by transrectal route. 
In 1963 and 1964 the first horizontal tomographs of bladder and prostate 
were made. Pell in London and Gotoh and Nishi in Gifu developed a 
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Figure 2: Prof. H. Watanabe, one of the pioneers in transrectal 
ultrasonography, Kyoto, fapan. 
similar technique in 1964 and 1965 [5]. After Ouchi and Takahashi, 
Watanabe improved the quality of the images by employing more modem 
electronic techniques at Tohoku University at Sendai in 1967 (Fig.2). 
A special chair was constructed so that the patient could be examined in 
sitting position (Fig. 3). 
In 1973 the transrectal scanner was introduced in the USA by King and 
associates. Both the perineal approach for prostate scanning, also applied by 
Watanabe, and the abdominal approach utilized by Kratochwil and associates 
in Vienna did not have the expected results [5]. 
After the first Α-presentation puncture transducer by Kratochwil in 1969, 
the technique for ultrasonically-guided punctures was developed and 
described by Holm and associates in Copenhagen (Fig. 4) and by Goldberg 
in Philadelphia. Both of them used a central canal transducer through which 
a puncture needle was guided. 
The disadvantage of this technique was that the target organ was not 
visualized during the puncture, because contact compound scanning was 
used as a monitor. Since 1974 Pedersen in Copenhagen developed special 
equipment for ultrasonically-guided puncture with a real-time high-speed 
scanner. 
With this method the needle and the target could be visualized through­
out the procedure. This last method was independently developed by Saitoh 
and Watanabe and is still used for ultrasonically-guided puncture of the 
prostate [5]. 
In 1968 Nishi in Gifu developed the first transurethral ultrasound probe 
with the A-mode technique. In 1974 Holm (Copenhagen) and associates 
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Figure 3: Special chair constructed for transrectal ultrasonography 
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Figure 4: Prof. Hü. Holm, professor and chairman of the ultra-
sound department, Herlev Hospital, Copenhagen, Denmark 
developed the first tomographic image of a bladder tumor. Nakamura and 
Niijima in Tokyo designed a new transurethral probe used for staging blad-
der tumors. 
The residual volume in the bladder was first determined ultrasonographi-
cally by using an Α-scan above the symphysis which showed 2 echopips 
corresponding with the two bladder walls. The distance in between corre­
lated with the volume measured by catheterization. Especially with low 
residual volumes there was a high correlation [5]. 
Since 1984, J. Brown and С Beakock have developed several ultrasono­
graphic methods to measure the residual volume in the bladder. 
The ultrasonic Doppler technique is of use in the investigation of flow 
studies (blood and urine). It was introduced by Satomura in Osaka in 1957. 
In London in 1969 using this method Samson studied the flow in trans­
planted kidneys. 
The increase in performing renal transplantations has also resulted in the 
use of ultrasound in the diagnosis of posttransplant complications. 
In Lyon in 1974 Milleret and Liaras were able to differentiate between a 
testicular torsion and inflammation using Doppler [5]. In urology also the 
diagnosis is of great importance. Ultrasound has helped to find the correct 
diagnosis in many complex diseases in a simple, rapid, safe, accurate and 
fairly comfortable way. In the follow-up of many urological disorders the 
Г и and other diagnostic methods can increasingly be replaced by ultra­
sonic examination. Developments especially in the fields of physics and 
electrotechnics have increased the applications of ultrasound in urology and 
made ultrasound to an important diagnostic tool. 
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Physical and practical aspects 
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Although ultrasonography is a diagnostic method of rapid development 
using increasingly sophisticated equipment, one should be aware of certain 
physical and technological limitations and possibilities [1]. 
Basic principles 
A proper understanding of the basic physics of ultrasound and the func-
tions of the various controls on the scanning device may yield a considera-
ble improvement of the quality of the examination [2]. 
Transducers 
The most vital part of the ultrasonic equipment is the transducer. Electric 
impulses are applied to the transducer and converted into rapid mechanical 
pressure oscillations of a piezo-electric ceramic [3]. The resulting acoustic 
waves are transmitted into the tissue and whenever a boundary is crossed 
between two types of tissue, with different acoustic characteristics (acoustic 
impedance), a certain part of the energy is reflected. 
The remainder of the energy continues, giving further reflections as it 
progresses in the tissue. 
Only if the boundary is perpendicular to the ultrasonic beam, the reflec-
ted energy will return to the transducer and be converted into an electric 
signal. After amplification and demodulation this signal is displayed on a 
monitor. 
Reflections also occur at inhomogeneities in the tissue (e.g. small blood-
vessels, fatty infiltrations). These reflections are omnidirectional (scattering) 
and relatively weak. The scattering caused by these inhomogene structures 
in solid tissue produces the typical texture of tissue echograms. 
Methods of scanning 
A-mode scanning: 
The transducer is placed in a fixed position and information obtained in one 
single direction is displayed on the monitor as a horizontal line with vertical 
deflections representing the changes in tissue characteristics in proportion to 
the reflection strength and depicted at the appropriate depth [3-6]. 
It is a simple real time display especially applied in ophtalmology and 
neurology (showing the midline of the brain) (Fig.l). 
M-mode scanning: 
If the probe is maintained in one position on the skin, moving structures 
inside the body like valves of the heart, leave a trace of their position with 
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A: A-mode: After demodulation one dimensional display echogram. Horizontal line is time or 
distance if velocity is known, 
B: B-mode : 2-dimensional image, using a moving sound beam. 
Reflections are displayed as spots. 
M: M-mode: Using a fixed transducer. Registration of moving parts in the body on running 
photographic paper, related to time and depth. 
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time, when the displayed-line is moved at a constant speed and the echo 
strength is displayed as a bright spot on this line. Structures which have not 
changed their position produce only straight lines (Fig. 1). 
B-mode scanning: 
This represents a 2-dimensional display of the tissue by moving the trans-
ducer (mechanical scanner), or the sound beam (electronic scanner). 
Different greyscales correlate with echo-amplitudes and are stored and 
shown on the monitor as small spots [4,7]. A crosssectional image is ob-
tained by moving the beam in a single plane (Fig. 1). 
Applications in urology 
In urology three types of B-mode transducers are used: 
Linear-array scanners: 
In a linear array transducer several ceramic elements are lined up in a probe 
and a scan of a proportional number of parallel lines is obtained [5] (Fig.2). 
This real-time linear array scanning is often used also in internal (trans-
rectal) scanning and is of high quality. A disadvantage is that the total 
length of the array must be in good contact with the surface in order to get a 
complete image. This might be a problem, especially in transrectal applica-
tion, because of the size of the transducer. 
Large prostates cannot be visualized as a whole. The deep introduction of 
the probe to display the cranial part of the prostate may cause pain. 
Sector scanners: 
Using a phased array transducer a sector image can be obtained (Fig. 2). 
With a mechanical sector scanner we can achieve similar results. 
A sector transducer needs less skin contact for imaging. This technique 
creates a number of radially oriented lines, and is able to display a relatively 
large area [5]. It is therefore well suited for external scanning of kidneys and 
bladder. 
Intracavital scanners: 
In transrectal and transurethral ultrasound one transducer turns over 360°, 4 
times a second showing "semi real-time" images over the complete circum-
ference [1] (Fig. 2). By this method transversal tomograms of prostate and 
bladder are respectively obtained and planimetrie volumetry can be per-
formed using this method. 
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A disadvantage is that transurethral ultrasonography is an invasive method 
with the well-known complications of urethral strictures and urinary tract 
infections. 
The images are of better quality as compared to pictures obtained by 
external scanning because of the possibility of using a transducer with 
higher frequencies (5.5-7 MHz). 
Special recommendations 
Image Quality: 
Important properties of a transducer to be considered are its frequency and 
focal properties. The frequency of the probe determines the resolution and 
to some extent the contrast between normal and abnormal tissue [9]. The 
focal length of the transducer also influences the resolution. It is therefore 
that the transducer should be placed in such a way that the area of interest 
lies within the focal zone to achieve optimal imaging. 
Gain: 
The system gain should be adjusted to present information from low level 
reflectors (scattering) as well as from strong prominent reflectors such as the 
organ boundaries. A grey-scale assignment scheme should be used to depict 
the level of the returning echoes accurately. Once a satisfactory grey-scale 
assignment scheme has been found, one should avoid post-processing the 
image in order to make a normal finding look abnormal and vice versa. 
Resolution: 
An important limitation in ultrasonography is the resolution. Higher fre-
quencies (7-10 MHz) give better resolution and more detailed images, but 
penetrate tissue less deeply [6,10]. 
Therefore a compromise has to be made between resolution and penetra-
tion depth. In scanning the kidneys of an adult 3 MHz is needed for pene-
tration, in children we can visualize the kidney with 5 MHz, or even 7 MHz. 
For transrectal scanning, 5 to 7 MHz gives the best results. For each purpose 
an optimum image may always be obtained by choosing the correct trans-
ducers according to type, form, focal properties and frequency. 
Artifacts: 
Ultrasound is prone to many artifacts which can affect the quality of the 
image [7]. The most prominent in the field of urology are seen at the inter-
face of tissue and air, or of tissue and bone. Then ultrasound produces 
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Figure 2: 
a) linear array scanning 
b) sector scanning 
e) In tracavitai scanning 
a 
strong reflections which prohibit ultrasonic visualization of structures 
behind those reflections [5]. 
Gas and faecal particles in the rectum, airbubbles in the balloon or filling 
system can severely degrade the quality of the transrectal ultrasound exami-
nation. With the patient placed in the left decubitus knee-chest position, gas 
will not disrupt the exam in the majority of cases, especially if a laxative is 
given prior to the examination to cleanse the rectum. 
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Anatomy: 
Knowledge of the anatomy is always mandatory in order to obtain optimal 
images which will enable to make a correct diagnosis [5]. Especially now 
that bi- and multiplane transducers are entering the market, one may be at a 
loss if the anatomical structures are not well recognized. 
Room requirements: 
To allow sufficient space for adequate handling during inter- ventional 
ultrasound procedures, a room of at least 20 m' is required [5]. 
There should be a sink, a light dimmer, dark curtains, an adjustable 
examination table and a display screen in the room [1]. Puncture needles, 
syringes, pigtail catheters, local anesthesia, iodine solution, drainage bags, 
sterile draping material, gloves and other frequently used material for 
interventional ultrasound are especially required. 
X-ray equipment should also be available to increase the success rate in 
certain interventional procedures. 
Patient preparation-
In general, patients do not need much preparation. Examinations can gene-
rally be carried out immediately. For transrectal investigation of the 
prostate, however, a full bladder increases the image quality significantly 
[5]. 
Safety: 
So far no damaging biological effects by ultrasound equipment used for 
diagnostic purposes (at frequencies between 0,5 and 10 MHz), have been 
reported in the literature. 
This has already been confirmed by the Bioeffects Committee of the 
American Institute of Ultrasound in Medicine in 1978 and recently revised 
[11]. 
Documentation: 
In ultrasonography, real-time imaging, performed and/or witnessed by the 
responsible physician, is almost mandatory. 
Photographs and descriptive data are recommended to document the diag-
nosis to improve the exchange of patient information and to compare the 
actual state of the situation in time. 
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Abstract 
To avoid the disadvantages of intravenous urography (IVU) and urethro-
cystoscopy (UCS), we investigated prospectively their replacement by ultra-
sound, performed during one visit in the outpatient department, in the 
evaluation of patients with symptoms of prostatism. One hundred twenty 
patients (aged 44-89 years) were included in this study. All patients under-
went two main diagnostic procedures: Ultrasound of the kidneys and blad-
der and transrectal ultrasound of the prostate (procedure Aj). This was 
compared with IVU and UCS (procedure A2). Following procedure A| the 
main diagnoses made were benign prostatic hypertrophy in 84 patients, 
prostatitis in 24 patients and prostatic cancer in 12 patients. By following 
procedure A2 the diagnosis was changed in 20 cases. Fourteen patients had 
a bladder neck sclerosis and six a urethral stricture. 
There was no relevant diagnostic difference between IVU and ultrasound 
of the kidneys and bladder. 
Ultrasound of the prostate gives better information on prostatic abnor-
malities than does IVU or UCS. A patient with prostatism can be screened 
completely during one single visit at the outpatient department. Only for 
detection of bladder neck sclerosis and urethral strictures does UCS remain 
preferable. 
Key words: Screening, Intravenous Urography, Urethrocystoscopy 
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Introduction 
Patients who complain of prostatism are routinely preopera lively screened 
by intravenous urography (IVU) and urethrocystoscopy (UCS), which take 
several visits to the outpatient department (OPD). 
The present role of IVU has recently been discussed by Pollack and Banner 
[1], who stated: 'The once lofty stature has gradually eroded by many 
forces, especially by new modalities like ultrasound". Bauer et al. also 
concluded that IVU on patients with prostatism was not cost effective [2]. 
With this in mind we designed a protocol to test whether IVU could 
safely be replaced by ultrasonography (USND) of the kidneys and the 
bladder (before and after micturition). This would lead to a significant 
reduction in radiation exposure, and would avoid possible adverse effects of 
contrast media. 
In the same study we investigated whether ultrasonography of the 
bladder and the prostate could replace UCS in the same patient group. The 
aim was to avoid the patient's discomfort and the risk of complications 
associated with this procedure, such as urethral strictures and urinary tract 
infections. In this way the screening of a patient with prostatism could be 
performed during one visit at the OPD. 
Finally, the present study aimed to find the best diagnostic tool in diffe-
rentiating between benign prostatic hypertrophy (BPH), prostatitis (ITIS) 
and carcinoma (CA) of the prostate. 
Material and methods 
In this study 123 consecutive patients with classical complaints of prosta-
tism (dysuria, weak stream, dribbling and nycturia, feeling of residual vol-
ume) were included. All patients had two uroflowmetric examinations in 
which the maximal flow rate was less than 10 ml/sec. They were seen on an 
outpatient basis between February and October 1985. 
Three patients were excluded from the study. On two of them IVU could 
not be performed because of previous adverse reactions to radiographic 
contrast medium. The third patient refused a urethrocystoscopy. The ages of 
the remaining 120 patients ranged from 44-89 years (mean: 67.2, standard 
deviation: 10.1). 
The screening itself consisted of 4 consecutive diagnostic steps (AQ to A3) 
which were performed independently. After each procedure a tentative 
diagnosis was proposed which was selected from the following 5 possibili-
ties: benign prostatic hypertrophy (BPH), prostatitis (ITIS), carcinoma of the 
prostate (CA), bladder neck sclerosis (BN), urethral stricture (US). 
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Criteria for the diagnosis BPH were: 1) healthy patients of relatively older 
age, 2) enlarged prostate (> 25 cm3), and 3) normal laboratory results. 
A patient with prostatitis also may have normal laboratory results, but 
the prostatic volume is relatively smaller (< 25 cm3). 
Usually these patients are younger and might complain of pain in the 
glans penis, the perineum or the lower abdomen. A patient with prostatic 
carcinoma, especially in an advanced stage, may suffer from general weak­
ness and pain in the bones. Digital palpation reveals a hard prostate, and the 
laboratory results may reveal an increased add phosphatase level. 
The first diagnostic procedure (AQ) consisted of a registration of the 
patients' complaints and the results of the physical examination, including 
digital examination of the prostate and routine laboratory results. 
The second diagnostic step (A|) consisted of ultrasound of the kidneys 
and the bladder before and after micturition for determination of residual 
urine and transrectal ultrasound of the prostate (type 1846 of Brüel and 
Kjaer). The ultrasound criteria we used were based on definitions proposed 
by Frentzel-Beyme et al. [3], Hennig and Wilson [4] and Lee et al. [5] (Tab. I). 
Because Frentzel-Beyme et al. [3] put emphasis on the S/T quotient (Fig. 
1) of the greatest section of the prostate as a means of differentiating be-
tween BPH, CA and ITIS, it was evaluated in our investigation. The S/T 
quotient was calculated by dividing the sagittal diameter (S) of the greatest 
square section of the prostate during transverse transrectal scanning and the 
transverse diameter (T) of the same section (Fig. 1). 
The average S/T quotients of her patients with BPH, CA and ITIS were 
respectively: 0.72,0.85 and 0.70. 
The third diagnostic procedure (A2) consisted of IVU and UCS. 
The fourth definitive diagnostic step (A3) was confirmation of the course 
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Table I: Relation between ultrasonic features and prostatic disease 
Ultrasonographic features 
Symmetry 
Form of the section: 
half moon, triangular 
round 
egg shape 
Volume enlarged 
Form changes of the different sections 
Continuity of prostatic outlines 
Irregularity of prostatic outlines 
Internal echostructure homogeneous 
Hyperdensc areas in surgical capsule 
Hypcrdense areas spread all over the ¡ 
I lypodense area in peripheral zone 
Seminal vesicles 
dilated 
infiltrated 
Benign prostatic 
hypertrophy 
çland 
+ 
+ 
+ 
-
+ 
± 
+ 
-
+ 
± 
-
-
± 
-
Carcinoma of 
the prostate 
_ 
-
-
+ 
± 
+ 
-
+ 
-
± 
± 
+ 
± 
+ 
Prostatitis 
+ 
+ 
-
-
± 
± 
+ 
+ 
-
± 
± 
-
± 
-
Data are from Frentzel-Beyme et al. [3], Hennig and Wilson 14], and Lee et al. [5] 
of the disease and the results of bacteriological and pathological examina-
tion of the removed prostatic tissue after surgery. The tentative diagnosis 
after each step was compared with the final diagnosis. In addition we ana-
lyzed which abnormalities (stones, diverticles, tumors, dilatation and cysts) 
in kidneys, ureters, bladder, prostate and urethra could be better detected by 
USND, IVU or UCS, respectively. 
Results 
After the last diagnostic procedure (A3) the following final diagnoses for the 
120 patients were BPH 63; ITTS 23; CA 14; BN 14; and US 6. 
By procedure AQ (a patient's history, physical examination, digital exami-
nation of the prostate and laboratory results) 93 patients were classified 
under the diagnosis BPH, 12 under ITIS and 15 patients were believed to 
have CA: BPH 93; ITIS 12; CA 15; BN 0 and US 0. 
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Related to the final diagnosis (A3) 41 patients (34%) proved to have a diffe-
rent diagnosis. 
After the ultrasonic screening (Aj), the diagnosis changed in 16 cases, 
resulting in a new distribution (N = 120): BPH 84; ITIS 24; CA 12; BN 0 and 
USO. 
Compared with the final diagnosis (A3), 26 patients (22%) still proved to 
have a different diagnosis. However, all changes (16) except one (6.3%) in 
the Aj procedure proved to be correct: AQ diagnosed this case as a carcino-
ma, but Aj changed it into prostatitis. The final diagnosis (A3), however, 
confirmed a carcinoma of the prostate (pTO grade I). 
The ultrasonic features that corresponded to the three different diagnostic 
groups (BPH, ITIS, CA) and that were depicted in Table I are for our series 
listed in Table II. 
After procedure A2 (IVU + UCS) the diagnosis was again changed for 20 
patients (N = 120): BPH 66; ITIS 22; CA 12; BN 14 and US 6. 
IVU did not change the diagnosis for any patient. Only UCS contributed 
to these 20 correct changes in this procedure (A2). UCS confirmed a bladder 
neck sclerosis in 14 cases and a urethral stricture in six cases. For only six 
patients (5%) the correct diagnosis was established by means of the last 
diagnostic procedure A3 (course of disease, bacteriological and pathological 
examination results). In two cases, patients believed to have carcinoma of 
the prostate proved to have prostatitis histologically. In 14 cases the diagno-
sis of prostatitis was based on the results of bacterial examination of urethral 
discharge after massage of the prostate and/or in 7 cases on the good reac-
tion to prostatitis medication during a follow-up period of at least six 
months. After examination of operatively removed prostatic tissue by tran-
surethral resection (TUR) or abdominal prostatectomy, 3 patients believed to 
have BPH, one ITIS proved to have an unsuspected carcinoma of the 
prostate (three cases, pTO; one case, pTl). BPH was histologically diagnosed 
in the same way 63 times. 
Table III shows the overall picture of all the diagnostic changes per diag-
nostic step. The contribution to the correct diagnosis per diagnostic step is 
shown in Table IV. 
In the second part of our study we evaluated which diagnostic modality 
(USND, UCS, IVU) was superior in diagnosing other pathological entities in 
the urinary tract. 
Kidneys: 
Comparing the results of IVU with those of USND for abnormalities present 
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Table II: Relation between echographic features and prostatic diseases 
Ultrasonographic features 
benign 
prostatic 
hypertrophy% 
90 
19 
8 
8 
26 
31 
rnd 3 
4 
carcinoma 
the prostati 
57 
57 
71 
57 
71 
13 
66 
8 
of 
5% prostati tis% 
93 
31 
5 
31 
69 
17 
76 
3 
Symmetry 
Form changes of different sections 
Discontinuity of prostatic outlines 
Irregularity of prostatic outlines 
Internal echostructure inhomogeneous 
Hyperdense areas present in surgical capsule 
Hyperdense areas present spread all over the gland 
Hypodense area in peripheral zone 
Table III: Diagnoses according to diagnostic procedures 
DIAGNOSIS 
BPH 
ms 
CA 
BN 
US 
TOTAL 
PT.HIST 
DIG. EX 
Ao 
93 
12 
15 
120 
USND 
Al 
84 
24 
12 
120 
IVU 
UCS 
A2 
66 
22 
12 
14 
6 
120 
PATH. 
(final 
diagnosis) 
Аз 
63 
23 
14 
14 
6 
120 
Table IV: Relation between correct diagnosis (CD) and diagnostic procedures 
CD CD% 
Ao 
A l 
A2 
A3 
79 
94 
114 
120 
66 
78 
95 
100 
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in the kidneys (Tab. V), we found cysts by means of USND not shown by 
IVU (N = 4); suspected tumors by means of IVU, which could not be con-
firmed by USND (N = 2); hypernephroma, which was shown both by IVU 
and USND (N = 1); slight dilatation, which was shown by IVU but not by 
USND (N = 2); dilatation, which was shown by USND, and IVU (N = 2); 
and a calculus shown by both USND and IVU (N = 1). Only the hyperneph-
roma had clinical implications. A nephrectomy was performed. 
Ureters: 
no abnormalities were detected either by USND or by IVU. 
Bladder: 
In our group of patients, 3 cases of bladder cancer were diagnosed (Tab. VI): 
one had a pTa grade II-III bladder tumor with carcinoma in situ (CIS), one 
had only CIS and one had pTa grade I-II. 
Only the first of these three patients complained of macroscopic haema-
turia. In our investigation 10 other patients had macroscopic haematuria with-
out the presence of a bladder cancer. All 3 cases with bladder cancer had 
suspect cytology. Seven other patients (6%) with similar cytological findings 
had no bladder cancer. CIS was not detected by USND or by IVU. The other 
two small tumors were seen by UCS but not by IVU or transabdominal USND. 
Bladder diverticula were detected in 7 patients: four diverticula by UCS 
but not by USND or IVU (small); two diverticula by IVU, USND and UCS; 
and one diverticulum by UCS and IVU, but not by USND. 
All diverticula were small and did not cause symptoms necessitating sur-
gical correction. 
A bladder stone was discovered in one patient. The stone was detected 
by UCS and USND, not by IVU, because of its radiolucency. 
In the third part of our study we analyzed which diagnostic means were 
best suited to differentiate between the causes of prostatism. Apart from the 
already mentioned ultrasonic features (compare Tab. I and II) we calculated 
the S/T quotient for the 3 different prostatic diseases: benign prostatic 
hypertrophy, carcinoma of the prostate and prostatitis (Tab. VII). 
Patients with prostatitis have a relatively small anteroposterior diameter. 
The form of the prostate sections changes significantly if the patient has car-
cinoma of the prostate. Therefore the S/T quotient can be helpful in making 
the final diagnosis. 
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Table V: Diagnostic results of USND and IVU of the kidneys 
Cysts 
N = 4 
Tumor 
N = 1 
Dilatation 
N = 4 
Calculus 
N = 1 
IVU 
3 
4 
1 
Detected 
USND 
4 
1 
2 
1 
Failed to Detect 
IVU USND 
4 
2 
Table VI: Diagnostic results of USND, IVU and UCS of the bladder 
IVU 
Tumor 
N = 3 
Diverticula 3 
N = 7 
Stones 
N = 1 
Detected 
USND 
2 
1 
UCS 
2 
7 
1 
IVU 
3 
4 
1 
FaUed to Detect 
USND 
3 
5 
UCS 
1 
0 
Table VII: Relation between S/T quotient and pathological prostatic entities 
N 
Mean 
St.dev 
Median 
Range 
BPH 
63 
0.63 
0.13 
0.60 
0.32-0.98 
S/T 
CA 
14 
0.72 
0.22 
0.64 
0.49-1.26 
ms 
23 
0.54 
0.06 
0.53 
0.45-0.64 
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Table Vili: S/T quotient in relation to the prostatic diseases by structural statistical compa 
rison of 2 patient groups, using the Student t test 
Variable 
S/T 
Comparison 
BPH and CA 
BPH and mS 
CA and ms 
Ρ 
0,07 
0,02 
<0,001 
Comparing the S/T quotients in the different groups of prostatic diseases 
(BPH, CA and ITIS) by using the Student t test for two samples, we noticed 
a significant difference in the S/T quotients between CA and ITIS (p < 0.001). 
A less significant difference was noticed between BPH with CA (p= 0.07) 
and between BPH and ITIS (p= 0.02) (Tab. VIII). 
Discussion 
Before discussing the possible replacement of the IVU by ultrasonography of 
kidneys and bladder for patients with prostatism, one should be convinced 
of the usefulness of screening the upper urinary tract of these patients. Bauer 
et al. [2] reviewed the urographies of 601 patients before prostatectomy and 
they concluded that IVU did not produce very useful information about 
patients suffering from prostatism and was not cost effective. However, in 
cases of renal diseases or gross haematuria, IVU remains indicated [2]. The 
likelihood of finding an occasional asymptomatic neoplasm (approximately 
0.2% for renal cell carcinoma) is not greater in this group than in the general 
population of the same age. Hence, if we do not want to fail to detect those 
tumors, all males in the same age group should be examined. Lilienfeld et al. 
[6], however, stated that 20% of IVUs performed prior to surgery for prosta­
tism revealed an abnormality located in the urinary tract. 
Mamtora et al. [7] and Boerema [8] also doubt if screening of the upper 
urinary tract of patients with prostatism is necessary. If one does decide to 
screen the upper urinary tract, ultrasonography is the best method, as it is 
cost effective, comfortable, easy to repeat, does not use radiation and gives 
no adverse effects from the contrast medium [6]. A mild morbidity of 5.1%, 
a severe morbidity of 0.09% and a mortality of 0.0008% connected with an 
IVU is another reason to prefer ultrasonographic investigation [9]. 
Using ultrasonography, 10 abnormalities (8%) were found in the kidneys: 
four cysts, one hypernephroma, four dilated systems and one calculus. In 
our opinion these findings are a good justification for screening the upper 
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urinary tract of patients with prostatism, although the detected abnormali­
ties had no clinical consequences, except for the hypernephroma, which was 
detected both by USND and IVU. 
Abnormalities of the renal pelvis and ureter, as described by Maurer [10] 
and detected by USND, were not found in our patients. We realize that 
abnormalities of the ureter may not be detected if IVU is omitted; on the 
other hand, their incidence is very low and unlikely in the absence of symp­
toms. Therefore we conclude that USND can safely replace IVU also for 
screening this part of the upper urinary tract. 
The residual urine could easily be seen by means of IVU, but according to 
Braeckman and Denis [11] it could also be quantified by USND. USND was 
able to detect bladder stones (once), a possible cause of prostatism. USND 
failed to detect five (small) of the seven diverticula of the bladder, but 
finding those small diverticula has never changed our therapeutic approach. 
For the detection of the two larger diverticula USND was sufficient. USND 
failed to detect the bladder tumors in this investigation, but, if routinely per­
formed, cytological examination can select the small group of patients that 
unfortunately still need UCS for the detection of bladder tumors. 
We conclude that for the detection of pathology in the bladder USND can 
replace the IVU, but UCS still gives superior results in comparison with 
USND. 
Most abnormalities of the prostate were diagnosed during the first proce­
dure АО. However, by USND (A|) and by using the criteria of Frentzel-
Beyme et al. [3], Hennig and Wilson [4] and Lee et al. [5], we changed our 
diagnosis 16 times and 15 out of 16 (94%) proved to be correct. In the A2 
procedure the IVU and the UCS did not add any useful information as far as 
the prostate was concerned. 
By 1981 Declerq et al. [9] had found a correlation of 80% between the 
echographic features and histological findings in prostatic diseases. Since 
then the characteristics of the different prostatic diseases have been de­
scribed by various authors. Wc used criteria similar to those of Frentzel-
Beyme et al. [3], Hennig and Wilson [4] and Lee et al. [5] (Tab.I). 
There is still some controversy on some ultrasonographic features of 
prostatic diseases. The echogenicity in the prostates of patients with BPH is 
supposed to be homogeneous, but Okafor et al. [12], in 30 patients, found 
that 33% with BPH had echodense structures and 6% an irregular outline, 
features that are also related to carcinoma of the prostate [13]. 
In our investigation 26% of the patients with BPH had an inhomoge-
neous echo pattern, and 8% had an irregular outline. 
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Table IX: 
Authors and their results in ultrasonic screening of patients with prostatic carcinoma [16] 
Author 
Aurich [14] 
Braeckman [11] 
Brooman [15] 
Fomage [16] 
Frentzel[3] 
Fritzsche [17] 
Harada [18] 
Peeling [19] 
Resnick [20] 
Rickards [21] 
Watanabe [13,22] 
Number of 
carcinoma 
patients 
46 
27 
70 
23 
89 
41 
21 
33 
45 
54 
68 
Sensi tivity(%) 
No. of true positives 
No. of total cancers 
96 
100 
96 
100 
84 
90 
86 
97 
100 
91 
97 
Specificity(%) 
No. of true negatives 
No. total non-cancers 
93 
40 
35 
84 
Table IX lists literature data regarding specificity and sensitivity of the ultra-
sonic difference between prostatic cancer and the group with prostatitis and 
BPH [14-22]. 
The number of false positives reflects the difficulty in differentiating be-
tween prostatitis, carcinoma and calculi. 
Spirnak and Resnick [23] do not accept these high false-positive results 
(60%) and therefore reject USND as a screening modality of patients with 
prostatism, but they regarded it useful in evaluating patients with a suspect 
prostate, found by rectal examination [23]. 
Form changes, asymmetry, discontinuity of the prostatic outline, invasion 
of the seminal vesicles (all echographic features of prostatic carcinoma) are 
more clearly shown in advanced cases of carcinoma [16]. 
Some investigators believe that a smaller carcinoma manifests itself as an 
echodense area [16,18,19,20]. 
However, echodensity is found in BPH, carcinoma of the prostate, prostatitis 
and the normal prostate in respectively 63,57,100 and 55% of studied cases 
[16], and is therefore not a specific symptom. 
We agree with Frentzel-Beyme [24], Frentzel-Beyme et al. [25] and Lee et 
al. [5] that hypo-echogenicity more frequently correlates with carcinoma of 
the prostate that develops in the peripheral zone. The poor echogenicity 
might be due to the increased density of tissue with decreased layered struc-
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tures, which causes less reflection. In our investigation we could not esta-
blish a 100% correlation between the hypodense areas and the presence of a 
carcinoma (Tab. II). 
In some cases the S/T quotient was helpful in obtaining the exact diagno-
sis [24, 25]. We found a good correlation of this quotient with the different 
prostatic diseases, especially prostatitis versus carcinoma (Tab. VIII). 
In summary we can state that USND is superior to UCS or IVU in diagno-
sing and differentiating prostatic diseases, but further studies are needed to 
develop a higher specificity in this respect. 
The lowest part of the urinary tract in which the cause of prostatism can 
be located is the urethra and urethrocystoscopy is the only way to visualize 
bladder neck sclerosis or urethral strictures [27, 28], as is clearly shown in 
Table III. We could always localize the obstruction by UCS, whereas IVU 
and transrectal ultrasonography were unable to detect those abnormalities. 
By applying ultrasonography in the screening of patients with prosta-
tism, the number of visits the patient has to pay can be limited and a thera-
peutic proposal can usually be made during the first consultation. 
Conclusion 
It is still debatable whether screening of the upper urinary tract of patients 
with prostatism is necessary, but if one decides to do so, USND is a very reli-
able, cheap, comfortable, safe and easily repeatable alternative. Only small 
abnormalities (diverticula, tumors and stones) of kidneys, ureters and the 
bladder will be difficult to detect by USND and are better diagnosed by IVU 
or UCS. 
IVU and UCS are mandatory in cases with cytological suspicion of transi-
tional cell carcinoma. 
For the diagnosis of prostatic diseases possibly causing the complaints of 
prostatism, transrectal USND is a helpful modality and superior to UCS or 
an IVU. 
The S/T quotient can be of help in differentiating prostatic pathology, but 
more research needs to be done in order to improve the specificity of ultra-
sonographic features. For localizing infravesical obstructions like bladder 
neck sclerosis and urethral strictures, UCS cannot be replaced by USND. 
During only one visit to the OPD most of the patients with prostatism can 
be screened with ultrasonography and a therapeutic plan can be proposed. 
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Abstract 
Correct staging of bladder tumors is essentia] for planning the best thera-
peutic strategy, and is therefore directly related to the prognosis. 
In this study of 15 patients with bladder cancer, a new method using magne-
tic resonance imaging (MRI) with a newly developed double-surface coil 
was tested for bladder cancer staging and compared with other existing 
techniques. 
Ultrasonography produced two cases of overstaging and two cases of 
understaging. This was due to the inability of this method to evaluate 
muscular infiltration accurately. All superficial bladder tumors were staged 
correctly with ultrasound with the exception of one case that was over-
staged because of superficial tumor calcification. Double-surface coil MRI 
correctly staged all infiltrating tumors. Two small superficial tumors were 
missed by MRI, while another superficial tumor was overstaged. 
It is suggested that double-surface coil MRI and intravesical ultrasono-
graphy are good complementary examinations in the preoperative staging 
of bladder tumors. Larger studies are necessary to prove the reliability of 
this conclusion. 
Acknowledgements: 
The authors wish to thank Mr. B.Th. Hendriks for typing the manuscript. 
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Introduction 
Correct tumor staging in patients with bladder carcinoma has always been 
essential both for planning treatment [1-3] and for the prognosis [4-6]. 
Three major treatment groups can be distinguished [6]: 
1. рТа-1-is: Transurethral resection ± intravesical instillation. 
2. pT2-3a : Diagnostic TUR with subsequent radical cystectomy (± neo­
adjuvant chemotherapy or preoperative radiation therapy). 
3. pT3b-4 : Diagnostic TUR followed by radiation, cystectomy or chemo­
therapy, especially if lymph node involvement or a distant metastasis is 
established). 
Although new diagnostic methods (e.g. flowcytometry, tumor antigens) are 
gaining greater currency, tumor grading and staging are still important in 
day-to-day clinical practice. 
Several diagnostic methods arc available to determine how deep a blad­
der tumor has infiltrated, but most of them fail to predict correctly the final 
pathological staging. Using clinical examination including bimanual (trans­
rectal or vaginal) palpation, IVU and urethrocystoscopy, staging errors can 
be present in more than 40% of the cases [7] and, in a review by Jaeger, 
range from 0-79% [8]. If bimanual examination is performed under 
anaesthesia, slightly better results can be obtained [9]. 
With the help of the CT scan, staging of the extent of the disease can be 
further improved [9-11]. 
The introduction of intravesical ultrasonography and, more recently, of 
double-surface coil MRI have also improved the preoperative staging of 
bladder tumors [2,8,11,12]. In this study, the different diagnostic methods 
are compared and evaluated. 
Materials and methods 
Fifteen patients with newly diagnosed bladder tumors were examined pro-
spectively by six different investigators, each using a different diagnostic 
procedure (D1-D6), in order to stage the tumor. 
Dl consisted of clinical investigation, including transrectal or vaginal 
examination, intravenous urography (IVU) and urethrocystoscopy (UCS). 
After this procedure, the first diagnosis was defined according to the criteria 
described by the UICC (1978, Geneva). The second diagnostic procedure 
(D2) consisted of MRI using a double-surface coil in a Philips superconduc­
ting unit (Gyroscan S5) operating at a field strength of 0.5 Tesla as described 
by Barentz et al. [11]. 
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The third diagnostic procedure (D3) was а СГ scan, which was applied in 
only 5 patients with a bladder tumor suspected of invasion. D4 consisted of 
the same procedure as Dl, but bimanual palpation of the tumor was carried 
out under regional or general anaesthesia. This bimanual examination was 
performed before and after resection. 
The fifth diagnostic technique (D5), applied to all patients and employed 
intravesical ultrasonography with a Briiel and Kjaer instrument. Finally, the 
diagnosis D6 was established by pathological examination of the differentia­
ted resected bladder tumor and the cold random biopsies. Again, the 
staging criteria of the UICC (1978) were used. All diagnostic steps (D1-D6) 
were compared and instances of over- and understaging were recorded. 
Initially, we intended to study 19 patients. In 2 patients the ultrasonic 
imaging was not successful because of tumor bleeding and blood clots, 
which disturbed the image; 2 patients could not undergo MRI in time. Thus 
the results of only 15 patients (10 male, 5 female) could be included in this 
report. Their ages varied from 33-77 years (mean 59). 
Results 
The details of the 15 patients are listed in Table I. 
None of the patients with a pT2-3 tumor could undergo a cystectomy, in 
3 cases positive lymph nodes were found, in 1 case a benign tumor of the 
Wolffian duct was diagnosed (Fig 1), while another patient was unfit. 
From Table II it can be seen that with ultrasonography correct staging 
was obtained in 11 patients; 2 were understaged and 2 were overstaged; 3 of 
the 4 cases of incorrect staging were in the group with invasive bladder 
tumors. Superficial bladder carcinoma could be diagnosed correctly in 9 of 
10 cases (Fig 2). The case of incorrect staging was due to superficial tumor 
calcification. 
In Table III the results of MRI staging are compared with the final diagno­
sis. In the group of invasive bladder carcinoma (>pT2), MRI was correct in 
all cases (Fig 3a, 3b, 3c). For superficial bladder carcinoma (< pT2), MRI has 
its limitations. One small tumor (diameter = 3mm) and the tumor in the 
patient with carcinoma in situ could not be diagnosed. One pTa tumor was 
overstaged as a pT2. 
In Table IV the staging results of D2 (MRI) and D5 (US) were combined. 
There was only 1 case of overstaging in the group of superficial tumors by 
ultrasound, due to the superficial calcification of the tumor mentioned 
earlier. 
However, double-surface coil MRI correctly staged this tumor. Both 
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methods are complementary; neither over- nor understaging occurred when 
using both techniques (Tab. Г ). 
Table 5 shows that the conventional screening method without an­
aesthesia (Dl) led to 3 cases of understaging. Bimanual examination under 
anaesthesia (D4) produced a better result in only 1 of those 3 cases. 
CT (performed in only 5 patients) produced 3 cases of correct tumor 
staging and 2 of understaging. 
For staging of the lymph nodes, CT was correct in 3 cases, and the tumor 
was understaged in two patients. For those 5 cases MRI produced two cor­
rect staging results, but also 3 instances of understaging, probably due to 
suboptimal sequences (Tab. VI). 
Figure 1: Case 15. Intravesical Ultrasound (5.5MHz) showing tumor under trigonum, which is ele­
vating intact bladder mucosa. The tumor itself penetrates entire bladder muscle (2cm per division) 
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Figure 2: Case 3. Intravesical Ultrasound (5.5MHz) showing tumor on the left bladder wall. 
Infiltration in the bladder wall cannot be established. The mucosa on the right side of the tumor 
is dearly visible (due to edema). (2cm per division). 
Discussion 
Although clinical staging of bladder tumors according to the UICC 
"minimal requirements" is still used in daily urological practice, the overall 
results are not very satisfactory (Tab. VII). 
From our results we found 2 cases of under-, and 1 of overstaging, even 
under anaesthesia. 
New diagnostic techniques such as MRI and US have their own characte-
ristics [13]. The improvement in staging of penetrating bladder tumors is 
mainly due to the MRI using a double-surface coil. This surface coil gives a 
better signal to noise ratio (SNR), as described by Barentz et al. [11]. 
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Figure За: Case 6. MR images. Transverse view (TE=30 msec, TR=500 msec) 
Therefore, the delineation of the bladder wall, the visualization of the tumor 
itself and the tumor invasion at all levels are better in patients with penetra­
ting tumors (Tabs 111, IV). The disadvantages of MRI are the high costs of the 
equipment, the immobilization of the patient and a relatively long investiga­
tion time. On the other hand, MRI can be performed on an outpatient basis, 
no radiation is involved, no contrastmedium is needed and no artifacts are 
seen [15,16]. 
Ultrasonography is a reliable method for staging superficial bladder can­
cer [17]. The limitations of the technique do not permit differentiation be­
tween Ta, Tl and CIS [2]. In deeper layers, artifacts are often seen and 
beyond the level of T2 further differentiation is difficult [2,6,18,19]. 
Intravesical ultrasonography is an invasive procedure, but can be per-
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Figure 3b: Case 6. Coronal view (TE=30 msec, TR=500 msec, showing thickening of the entire 
bladder wall by squamous cell carcinoma. Infiltration in perivesical fat (black arrows). 
formed under anaesthesia after cystoscopy and before transurethral resec-
tion. It is a relatively inexpensive technique which is easy to repeat and 
simple to learn. Although Denkhaus et al. [3]successfully screened bladder 
tumors by transabdominal ultrasound, they concluded that the intravesical 
approach gave more accurate results. Gammelgaard and Holm [18] and 
Jaeger [20] compared the transrectal route with the transurethral route and 
concluded that the transurethral approach gives the most reliable results. 
We used the endovesical method. Overstaging can be partly due to calcifica-
tion on the tumor surface, which will obstruct ultrasonic propagation 
[18,19]. Other errors of over- and understaging are due to small tumor size 
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Figure За Case 6. Transverse view (TE=150 msec, TR=2000 msec)showing normal bladder wall 
as low signal intensity rim(arrows). The thickened bladder wall has a high signal intensity 
which indicates carcinoma and excludes hypertrophy. 
and the presence of scar tissue [8]. If the tumor is larger than 3 cm, a tenden­
cy towards overstaging is likely [8]. 
According to Denkhaus, this is due to the loss of penetration and the 
short focusing of the transducer used. Errors in staging can also be pro­
duced by blood clots, chronic cystitis or trabeculation of the bladder, diag­
nosed as a tumor (pTa-1 or CIS) [18,19]. 
MRI is, however, capable of differentiating blood clots and trabeculation 
from cystitis and carcinoma [11,14]. Jaeger mentioned only a small improve­
ment of 3% in tumor staging by ultrasonography compared to the conven­
tional method [8]. 
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Table I: List of patients with final diagnosis and concomitant induced therapy after trans­
urethral resection of the tumor, and N and M staging. The staging of N was established by 
lymphography and pathological examinations of the pelvic dissected lymph nodes or punc­
ture material. The staging of M was established by tomography of the thorax and CT scan­
ning of the abdomen. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Sex 
F 
M 
M 
M 
M 
M 
F 
M 
M 
F 
M 
M 
M 
F 
F 
Age 
65 
60 
40 
67 
65 
76 
75 
54 
37 
73 
77 
51 
69 
42 
33 
Final Diagnosis 
CISNxMx 
pTa Gl NxMx 
pTa Gl NxMx 
pTaGl-2NxMx 
pTa Gl NxMx 
рТЗЬСЗМОМО 
pT3aC3NlM0 
pT2G3N4M0 
pTl NxMx 
pTaGINxMx 
pTa G2 NxMx 
pT3bG3N4M0 
pTaG2NxMx 
pTaG2NxMx 
pT4a 
Tumor of Wolffian 
duct, mucosa intact 
Mucosal 
Biopsies 
as 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
NAD 
Therapy 
II 
II 
II 
II 
II 
RT 
RT 
RT 
II 
II 
ucs 
MVAC 
II 
II 
ucs 
NAD 
II 
RT 
UCS 
MVAC 
No Abnormality Detected 
Intravesical Instillations: MMC or BCG 
Radio Therapy 
Urethrocystoscopy 3 monthly as a control 
Intravenous chemotherapy with mitomydne 
vinblastine, adriamydne and dsplatinum 
At least one advantage of intravesical ultrasonography is the possibility of 
diagnosing a bladder tumor in a diverticulum, which by UCS could not be 
seen [21]. 
Abu-Yousef reported that the accuracy of CT in bladder staging is low, 
especially in lower stage tumors (pTa-3a) [22], and that penetration in the 
bladder dome and the prostate is not adequately demonstrated by CT [22]. 
62 
Table II: Comparison between ultrasonography and the pathological stage 
D5(US) D6(PA) C/O/U 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
С Correct staging 
- C Almost correct staging, difference is without therapeutic consequences 
О Overstaging 
U ; Understaging 
Estimates of the overall accuracy of CT staging of bladder tumors vary 
widely, with reported rates ranging from 59 to 88% [10]. One of the pro­
blems in staging bladder tumors by CT is the near-identical density of nor­
mal and abnormal tissue in solid tumors, whereas MRI is capable of distin­
guishing between tumor and bladder wall and also between tumor and 
perivesicular fat [2,11]. Other unfavourable factors are artifacts due to pre­
vious transurethral resection, partial cystectomy or radiation. 
Lymph node involvement is of great importance and because the 7 to 
10% morbidity rate of a regional lymph node dissection, an accurate non­
invasive method would be extremely helpful [10]. 
Lymph node involvement detected by CT ranged from 73 to 88% [10]. 
Engelmann et al. reported an accuracy of 99% [9]. If the lymph node 
enlargement is less than 1.5 cm, CT will often give a false-negative result [9]. 
Our series is too limited to be able to discuss which technique is better for 
the detection of lymph node involvement. 
Ta-l 
Tal 
Tal 
Tal 
Ta-l 
T2-3a 
ТЗЬ4 
T2-3a 
Т2-За 
Tal 
Та-1 
12-За 
Та-1 
Та-1 
ТЗЬ-4 
as 
рТа 
рТа 
рТа 
рТа 
рТЗЬ 
рТЗа 
рТ2 
рТІ 
рТа 
рТа 
рТЗЬ 
рТа 
рТа 
рТ4а 
-С 
-С 
-С 
-с 
~с 
и 
о 
-с 
о 
-с 
-с 
и 
-с 
-с 
-с 
calcification 
Wolffian duct tumor 
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Table III: Comparison between the MRI and the pathological stage 
D2(MRI) D6{PA) C/O/U 
1 
2 
3 
4 
5 
6 
7 
8 
9 Ta-1 pTl ~C calcification 
10 
11 
12 
13 
14 
15 T4a pT4a С Wolffian duct tumor 
TO 
Ta-1 
Ta-1 
T2 
Ta-1 
T3b 
T3a 
T3a 
1 
TO 
Та 
ТЗЬ 
Та 
Ta-1 
 
CIS 
pTa 
pTa 
pTa 
pTa 
рТЗЬ 
рТЗа 
Р
Т2 
рТІ 
pTa 
рТа 
рТЗЬ 
рТа 
рТа 
рТ
а 
и 
-С 
-С 
о 
-с 
с 
с 
-с 
-с 
и 
с 
с 
с 
-с 
с 
Table IV: Comparison of MRI, US and the pathological stage 
D2(MRI) D5(US) D6(PA) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
U 
-С 
-С 
О 
-С 
С 
С 
~с 
-с 
и 
с 
с 
с 
-с 
с 
-С CIS 
-С рТа 
-С рТа 
-С рТа 
-С рТа 
U рТЗЬ 
О рТЗа 
-С рТ2 
О ρΊΊ calcification 
-С рТа 
-С рТа 
U рТЗЬ 
-С рТа 
-С рТа 
-С рТ4а Wolffian duct tumor 
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Table V: Comparison of Dl , D4 and D6 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Dl 
'CIS 
Ta-1 
Tal 
Ta-1 
Ta-1 
T2 
Ta-1 
T2 
Ta-1 
Ta-1 
Ta-1 
T3b 
Ta-1 
Ta-1 
T3a 
С 
-С 
-С 
-С 
-С 
и 
и 
с 
-с 
-с 
-с 
с 
-с 
-с 
и 
D4 
CIS 
Та-1 
Та-1 
Та-1 
Та-1 
ТЗа 
Т2 
ТЗЬ 
Та-1 
Та-1 
Та-1 
Т4 
Та-1 
Та-1 
ТЗа 
С 
-С 
-с 
-с 
-с 
и 
-с 
о 
-с 
-с 
-с 
-с 
-с 
-с 
и 
D6<PA) 
CIS 
рТа 
рТа 
рТа 
рТа 
рТЗЪ 
рТЗа 
Р
Т2 
pTl calcification 
рТа 
рТа 
рТЗЬ 
рТа 
рТа 
рТ4а Wolffian duct tumor 
Dl clinical investigation including transrectal examination or vaginal examination, IVU 
andUCS 
D4 Dl under regional or general anaesthesia 
Conclusions 
Problems in the staging of bladder tumors are particularly related to the 
assessment of the depth of invasion and the involvement of lymph nodes. 
Conventional staging methods described by Jewett, Strong and Marshall 
and propagated by the UICC are not accurate. Although our series is small, 
it is concluded that intravesical ultrasonography is reliable for the differen­
tiation between superficial (рТа-1-CIS) and penetrating (>pT2) bladder 
tumors. 
CT, but even more double-surface coil MRI is satisfactory in defining the 
depth of tumor penetration in infiltrating tumors. More extensive testing is 
needed to show if the combination of ultrasound and MRI will achieve 
greater accuracy in the preoperative staging of bladder tumors. 
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Table VI: Comparison between final pathological result, MRI and CT in tumor and lymph 
node staging 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
s 
D2(MRI) 
sNO 
sNO 
sNO 
sNO 
sNO 
ТЗЬМО 
T3aN0 
ТЗаМО 
sNO 
sNO 
sNO 
T3bN0 
sNO 
sNO 
T4aN0 
=Superfidal 
С 
С 
-с 
с 
с 
с 
и 
и 
и 
с 
racen 
T3aN0 
ТЗаМІ 
T3aN0 
T3bN2 
TONO 
и С 
С С 
-с и 
с и 
и с 
D6(PA) 
рТЗЬ 
рТЗа 
рТ2 
рТЗЬ 
рТ4а 
N0 
N1 
N4 
N4 
N0 
calcification 
Wolffian duct tumor 
Table VII: Bladder tumor staging according to the 'minimal requirements' of the UICC: 
comparison between pretherapeutic and histopathological Τ category [8] 
Bartels et al., 1983 
Lang, 1969 
Marshall, 1952 (no biopsies) 
Murphy, 1978 
Richie et al., 1975 
Skinner, 1977 
Vakarakisetal.,1975 
Wajsman et al., 1975 
Whitmore et al., 1977 
η 
25 
12 
25 
18 
49 
nd 
18 
26 
22 
pTa/pTl 
Ac,% 
100 
100 
21 
67 
78 
nd 
78 
46 
100 
Ov,% 
-
79 
33 
22 
nd 
22 
53 
_ 
η 
21 
18 
86 
58 
45 
nd 
48 
32 
81 
pT2-4 
Ac,% 
76 
50 
59 
47 
36 
37 
25 
38 
68 
Un,% 
24 
50 
30 
48 
62 
42 
73 
31 
25 
Ov,% 
12 
12 
5 
2 
21 
2 
31 
7 
Τ categories: Ta/Tl, TI, ТЗа, ТЗЬ, Т4. Ас = Pretherapeutic Τ category 
correct; Un = understaging; Ov = overstaging; nd = no data 
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Abstract 
In a clinical study the ultrasonic determination of the residual bladder 
volume is evaluated by applying several echographic methods described in 
the literature. 
163 Patients (age 3-89 years, 114 males and 49 females) and 13 students 
were examined. Only in the latter group the bladder volume was also deter-
mined by a planimetrie method. 
The most practical method showed a good agreement (with a maximum 
deviation of 25%) between the ultrasonically measured volumes and the 
volumes measured by catheterization in 66% of the cases. This method 
makes use of the formula Vus= 0.5(Vt + Vj), where Vus= residual volume 
estimated by ultrasonography; Vf= volume as computered from the largest 
measured transversal ultrasonic bladder section; V]= volume as computered 
from the largest measured longitudinal section. 
Factors that influence image quality and accuracy because of changes in 
the form of the bladder were analyzed. The magnitude of the residual 
volume determined the image quality and above all the accuracy: lower 
volumes give worse images and are less accurate. 
Other factors seem to be relatively unimportant. To avoid discomfort, 
caused by urinary tract infection and urethral strictures, ultrasonic deter-
mination of the residual urine is recommended for clinical application. 
Keywords: Ultrasonic determination. Residual bladder volume 
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Introduction 
The determination of the residual bladder volume is an essential part of the 
investigation of many bladder disorders [1-3]. In patients with outflow 
obstruction the residual volume is an important symptom in judging the 
severity and/or progress of the obstruction and after treatment in estima-
ting the therapeutic effect [4]. In patients with recurrent urine tract 
infections a large residual volume can be the cause of the disease and there-
fore quantification of this volume is useful [4,5]. 
The determination of the residual volume by catheterization, though 
invasive, is very accurate. However, side effects like urine tract infections 
and/or urethral strictures cannot always be avoided. 
On the other hand, ultrasonography has no side effects and is less 
uncomfortable for the patients [6]. 
In the literature wc find a percentage of inaccuracy of more than 25% 
with this method, partly due to the large variations in bladder shape and 
partly to suboptimal imaging [1-16]. In this study we have examined the 
factors that can influence the imaging quality and the accuracy of deter-
mination. We have also investigated, whether the accuracy of the method 
for volume estimation is influenced by the shape of the bladder, which is 
related to sex and age, by the residual volume itself and clinical factors such 
as the size of the prostate or uterus and neurogenic diseases [12]. 
Material and methods 
For this investigation patients were selected from the outpatient depart-
ment, if they were planned for a urethrocystoscopy, a urodynamic investiga-
tion or if they already had a suprapubic catheter which was clamped for a 
certain time. Because of this selection no extra catheterization was needed to 
obtain the exact residual volume for a comparison with the ultrasonically 
determined volume. The investigation was performed by 2 different investi-
gators. 
163 Patients (114 males, 49 females) were examined. Ages varied from 
3-89 years (average 51). 
Three different methods for ultrasonic estimation of the bladder volume are 
mentioned and analyzed using transversal and longitudinal scanning: 
1. methods using 1-dimensional measurements in longitudinal and/or 
transversal planes. 
2. methods using 2-dimensional measurements in both (longitudinal 
and/or transversal) scanning planes: 
a. using the largest longitudinal and transversal sections, or 
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b. using the planimetrie method in longitudinal direction only, according to 
Beacock. 13 Students were examined in this way. 
3. methods using 3-dimensional measurements for both scanning planes. 
Factors that may influence the ultrasonic determination of the residual 
volume will be reviewed critically. 
For all measurements the equipment of Briiel & Kjaer (type 1846) was 
used with the sector scanner of 3 or 5 MHz. 
Results 
1. Methods using 1-dimensional measurements in transversal and longitu­
dinal scanning of the bladder. The estimation is based on 3 one-dimensional 
measurements (Fig. la - lb): 
L : largest cranio-caudal distance in longitudinal scanning 
W : largest left-right distance in transversal scanning 
H : largest anteroposterior distance in transversal scanning 
Only Hakenberg et al. [2] use D
a
 (depth) instead of H, where D
a
= 0.5 (lar­
gest anteroposterior distance in longitudinal scanning + largest antero­
posterior distance in transversal scanning). 
Using those 3 distances in the formula for calculating the volume of an 
ellipsoid: V= 1/6 π. L.W.H, the residual volume was estimated and com­
pared with the real residual volume (defined in this study as catheter volu­
me, V
c
) obtained by emptying the bladder in one of the three ways mentio­
ned above (Fig. 2). 
In order to get a better fit between the ultrasonically estimated volume 
and the catheter volume several authors estimated the residual volume by 
ßV + α (Tab. I). 
Estimates of α and ß are obtained by applying standard regression tech-
niques to the models: 
Vc = ßV (α = 0) 
lnV
c
/V = lnß 
Vc = ßV + α 
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Figure la: Largest outlined section of 
the ultrasonic images representing the 
bladder wall in longitudinal direction 
_ . _ . _ . : depth (= Dj) 
: length (= L) 
Figure lb: Largest outlined section oí 
the ultrasonic images representing the 
bladder wall in transversal direction 
_ . _ . _ . : depth (= Ot = H) 
+++++++: width (= W) 
Figure 2: 
Ellipsoid. Volume = 1/6 η LWH 
L = 21 
W = 2w 
Η = 2h 
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Table 1: Formulas for ultrasonic measurement of residual volumes (using 1-dimensional 
measurement) 
Author 
Ultrasonically 
measured volume 
Comparative 
expressions 
Weitzel and Blagojevic [13] 
Widder [3] 
Hakenberg et al [2] 
Braun and Hofmann [11] 
Mdean and Edell [4] 
Holm [14] 
Rageth and Langer [16] 
Hendrikx et al [own study] 
0.523 xLWH 
0.750 xLWH+10 
0.625 xLWD
a 
0.6xLWH 
0.461 xLVVC»!-1.45 
0.4 χ LWH +40 
0.523 xLWH χ J W 
0.651 χ LWH 
= 1XV=JI/6LWH 
= 1.43xV+10 
= 1.20xV 
= 1.15xV 
= 0.88 xV-1.45 
= 0.76xV+40 
-
V
'V? 
= 1.245 xV 
Several authors developed their own formula for the ultrasonic measurement 
of the residual volume, so as to obtain a better fit with the catheter volume. 
L = length in longitudinal section 
W = width in transversal section 
Η = height in transversal section 
Dj= largest Α-P diameter in longitudinal section 
D(= largest Α-P diameter in transversal section 
D
a
= average depth = 0.5(Dj+Dt) 
The results of the calculation of the residual volume by echography using a 
1-dimensional method are listed in Table II. 
In our investigation the results are not very accurate. In more than 35% of 
the cases we find an inaccuracy of more than 25% if we compare the ultra­
sonic estimates with the catheter volumes. 
Estimations of ß (on the basis of the formula In Vc/V = Infi) are given in 
Table III. 
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Table II: Results of the estimation of the residual volume of the bladder using 1-dimensional 
ultrasonic measurements 
Residual Volume cm' percentage cases with V/V
c 
Authors 
Weitzel and Blagojevic [13] 
Widder [3] 
Hakenberg et al. [21 
Braun and Hofmann [11] 
Mclean and Edell [4] 
Holm [14] 
Rageth and Langer [16] 
Hendrikx et al. [this study] 
Mean 
214 
317 
255 
246 
187 
204 
223 
267 
SD 
160 
229 
187 
183 
141 
122 
152 
199 
Min 
4 
16 
6 
4 
2 
43 
6 
5 
Med 
174 
259 
2(B 
199 
152 
173 
187 
216 
Max 
834 
1,204 
966 
955 
732 
677 
739 
1,038 
<0.75 
42 
2 
19 
22 
60 
33 
24 
16 
0.75-1.25 
48 
54 
65 
63 
33 
54 
67 
64 
>1.2 
9 
44 
17 
14 
7 
13 
10 
20 
Table III: Values of β for different residual volumes 
percentage cases with V/V
c 
V
c
 N ß» <0.75 0.75-1.25 >1.25 
<50cmJ 14 0.709 36 29 36 
50-100 cm' 18 1.465 17 61 22 
> 100 cm1 129 1.245 12 71 16 
'standard regression method applied to the model In V c /V = Inß 
2. Methods using 2-dimensional measurements in transversal and /or longi-
tudinal scanning of the bladder. 
a. Using the largest sections in the 2 directions: 
After tracing the contour of the largest longitudinal and transversal sections 
an internal computer program calculates the area inside the tracings. Rageth 
and Langer [16] used this area directly for the determination of the residual 
urine. They designed Table IV and the nomogram (Fig. 3) in which the cal-
culated areas, indicated by At (= transversal area) and Aj (= longitudinal 
area), correlate with the residual volume. Table IV and Figure 3 are not iden-
tical, because in Table Г the volume is calculated with distinguished longi­
tudinal and transversal areas and in the nomogram the larger and smaller of 
those areas are nominated. 
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Table IV: Table for direct reading of the volume after having obtained the areas of the trans­
versal and longitudinal section of the bladder in cm '[16] 
AL· 
AT" 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
5 
18 
26 
33 
39 
44 
49 
54 
58 
62 
66 
69 
73 
76 
79 
83 
96 
10 
29 
44 
55 
65 
73 
81 
89 
96 
102 
ЮН 
114 
120 
126 
131 
136 
141 
15 
39 
59 
74 
87 
98 
109 
119 
128 
137 
146 
154 
161 
169 
176 
183 
190 
20 
49 
72 
91 
107 
121 
134 
147 
158 
169 
179 
189 
199 
208 
217 
225 
234 
25 
57 
85 
107 
126 
142 
158 
172 
186 
198 
211 
222 
231 
244 
255 
265 
274 
30 
65 
97 
122 
143 
162 
180 
196 
212 
226 
240 
253 
266 
278 
290 
302 
313 
35 
73 
108 
136 
160 
182 
201 
220 
237 
253 
268 
283 
298 
311 
325 
337 
350 
40 
81 
119 
150 
176 
200 
222 
242 
261 
279 
296 
312 
328 
343 
357 
372 
385 
45 
88 
130 
163 
192 
218 
241 
263 
284 
303 
322 
340 
357 
373 
389 
405 
420 
50 
95 
140 
176 
207 
235 
261 
284 
306 
327 
347 
367 
385 
403 
420 
437 
453 
55 
102 
150 
189 
222 
252 
279 
304 
328 
351 
372 
393 
412 
431 
450 
468 
485 
60 
108 
160 
201 
236 
268 
297 
324 
349 
373 
396 
418 
439 
459 
479 
498 
516 
65 
115 
169 
213 
251 
284 
315 
343 
370 
396 
4 20 
443 
465 
487 
507 
528 
547 
70 
121 
179 
225 
264 
300 
332 
362 
391 
417 
443 
467 
491 
513 
535 
557 
577 
75 
127 
188 
236 
278 
315 
349 
381 
411 
439 
466 
491 
516 
540 
563 
585 
607 
80 
133 
197 
248 
291 
330 
366 
399 
430 
460 
488 
515 
540 
565 
589 
613 
635 
1
 Area longitud mal (sagittal) b
 Area transverse (honzontal) 
Figure 3: Nomogram for determination of bladder volume [16] 
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Table IV can only be used for areas below 80 cm1 and was therefore not 
applicable in 10% of our cases. 
The nomogram (Fig. 3) gives no values for areas above 50 cm2 and there-
fore could not even be applied in 45% of our cases. 
As was mentioned in a study by Rageth and Langer [16], the 2-dimen-
sional method gives no improvement in results when compared to the 1-
dimensional method (Fig. 2). Therefore we have omitted applying this 
method to our material. 
b. Using the planimetrie method: 
Making stepwise longitudinal sections of the bladder of half a centimeter 
and tracing the circumference of each section, the volume between 2 areas is 
calculated by the computer and added to the volume of the former steps. 
Although this method is more time-consuming, it does give better results 
than the method described below (Tab. V). In our investigation it was only 
applied to 13 students. 
3. Methods using 3-dimensional measurements in transversal and longitu-
dinal scanning of the bladder. 
Using the largest sections of longitudinal or transversal scanning and apply-
ing the formula: 
8A2 
v t o r V i = ü ^3 
after tracing the area (A) and indicating 2 points (L) the computer of Briiel 
and Kjaer equipment calculates the bladder volume. 
The volume calculated in this way using the transversal section (Vt) is 
larger and more accurate than using the longitudinal section (Vj). 
If we estimate the catheter volume by the formula 0.5(Vt + Vj) the results 
become slightly better still (Tab. VI). 
After comparing the above-mentioned ultrasonic methods for estimating 
the bladder volume and using the Briiel and Kjaer ultrasonic equipment, we 
can conclude that estimating the bladder volume by V ^ = 0.5(Vt + Vj) (Fig. 4) 
is an easy and reliable method. 
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Table V: Relation between catheter volume (Vc), the ultrasonically determined volume (V) 
by formula 0.5 (Vt+V[) and the planimetrìe method, all measured in cm'. In 10 out of these 13 
cases the planimetrie value is (very much)closer to the catheter volume compared with the 
value determined by 0,5 (Vt+V|). 
Ident.nr 
volunteers 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
Vc 
115 
186 
419 
192 
432 
102 
670 
198 
81 
45 
301 
266 
217 
csevt+vp 
49 
78 
302 
82 
258 
48 
440 
158 
(A 
14 
205 
171 
176 
V 
Planimetrie 
114 
198 
446 
201 
383 
77 
416 
162 
58 
29 
235 
194 
149 
Factors that may influence the accuracy 
of the measurement 
For this part of the study we used the procedure: Vus = 0.5(Vt + Vj), which 
proved to be fairly reliable (Fig. 4). 
In 21% of our 163 cases the ultrasonically measured volume was too low 
(< 0.75 Vc), in 13% of the cases it was too high (> 1.25 Vc). 66% deviated less 
than 25%: (0.75-1.25)VC. In Table VII we see that the accuracy very much 
depends on the Vc. Below 200 ml the inaccuracy of the measurements is 
much greater than above 200 ml. The results of the 2 investigators are plot-
ted separately in Figure 4. 
If we compare the quality of the image (good, reasonable, bad) with the 
Vc, we see that the smaller volumes show bad image quality in about 10% of 
the cases (Tab. VIII). 
This may be part of the explanation for a greater accuracy of the ultraso-
nic measurement of large volumes. 
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Table VI: Results of the estimation of the residual volume of the bladder using 
3-dimensional measurements with the Briiel and Kjaer apparatus (N · 173) 
percentage 
Residual Volume, cm' cases with V^/Vj, 
Mean SD Min Med Max <0.75 0.75-1.25 >1.25 
Catheter Volume 
Longitudinal 
Transversal 
0.5(Long+Trans) 
260 
214 
270 
246 
195 
175 
209 
187 
10 
15 
11 
13 
221 
160 
229 
214 
1,091 
805 
1Д2 
946 
47 
13 
21 
44 
58 
66 
9 
29 
13 
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figun 4: Correlation between catheter volume and ulfrasonically determined volume by 
formula: 
V
u s
 = 0.5(Vt+V1) 
66% of
 ш
 = (0.75 -1.25) V
c 
(N:173) 
О : investigator 1 
• : investigator 2 
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Another group of factors that may influence the accuracy are factors 
influencing the form of the bladder, shown in Table IX. 
Also the frequency of all those factors related to sex, is given in Table IX. 
Factors influencing the form of the bladder are slightly more frequent in 
men, but factors influencing the quality of the image are more frequent in 
women (Tab. X). 
With respect to the accuracy of the bladder volume estimation there is no 
statistically significant difference found between men and women. It could 
also be established that the presence of at least one of the aforementioned 
actors did not statistically significant influence the results (p> 0.05 according 
to the Wilcoxon - 2 sample test applied to V
us
/V
c
). 
Discussion 
For the determination of the residual volume by ultrasound several methods 
are discussed in the literature. In 1965 West presented the A mode ultra­
sound for the determination of the residual volume. At about the same time 
Holmes also applied this method and later on he applied the В mode as 
Table VII: Accuracy of ultrasonic détermination of the residual volume of the bladder in 
relation to the volume itself 
цд = Estimated bladder volume by ultrasound using the formula: 0.5 (Vj+Vj) 
V
c
 = Catheter Volume 
Catheter 
Volume, Vj. 
10-99 
100-199 
200-299 
300-399 
400-499 
500-1,100 
200-1,100 
or: 
10-199 
200-399 
400-1,100 
η 
32 
39 
40 
20 
15 
17 
92 
71 
60 
32 
percentage cases 
<0.75 
28 
28 
18 
15 
27 
6 
16 
28 
17 
16 
0.75-1.25 
44 
56 
72 
80 
73 
88 
77 
50 
75 
81 
with Vus/ 
>1.25 
28 
15 
10 
5 
0 
6 
7 
22 
8 
3 
80 
Table Vili: Distribution of the image quality, depending on the bladder volume 
N 
Catheter Image quality % 
volume good moderate bad unknown 
71 
60 
32 
SI 99 
200-399 
2400 
47 
65 
84 
35 
33 
13 
10 
0 
0 
7 
2 
3 
Table IX: Factors possibly influencing the form of the bladder and the image quality, 
related to sex 
Factor 
Scar Tissue 
Cystocele 
Enlarged Prostate 
After TURP 
After Hysterectomy 
Neurogenic Bladder 
Bladder Diverticulum 
After Suspension Operation 
Relative frequency 
of factor related to sex 
Male 
N=114 
17 
44 
14 
9 
1 
Female 
N=49 
23 
19 
19 
9 
6 
12 
Factors 
Form of the 
Bladder 
X 
X 
X 
X 
X 
X 
influencing 
Image 
Quality 
X 
X 
X 
X 
Table X: Percentage of patients in which at least one of the factors is present 
(compare table IX) 
Factors Influencing 
Form of the 
Bladder Image Quality 
Male% 
Female% 
58 
51 
32 
50 
81 
well. With the compound scan technique he was able to reduce the inaccura­
cy in a group of patients to 25.5% [6] and using a planimetrie method even 
to 19% in volonteers. Pedersen et al. [7] in 1975, however, were disappointed 
by this technique and found the method inaccurate. In their investigation 
Doust et al. [8] found an error percentage of 20%. 
In 1985, Beacock et al. [10] found a good correlation in their patient group 
between the ultrasonically calculated volumes (also using the planimetrie 
method) and the volumes measured by catheterization. 
In our patients also the planimetrie method gives more accurate results, 
but it is more time-consuming. 
Other methods have been developed by Rageth and Langer [16]. They 
made a nomogram in which the largest square sections (transversal and 
longitudinal) were related with the real residual volume (V
c
). The accuracy 
of this method is nearly equal to the method using the ellipsoid formula: 
(V = 0.524 χ L χ Β χ H) [16]. The average error percentage in their investi­
gation was 15%, if the form of the bladder was similar to the ellipsoid form, 
and if the volume was less than400 cm3 [16]. 
It is not appropriate to compare results of different investigations, because: 
a. Certain investigators applied the planimetrie method to longitudinal sec­
tions [8], whereas others like Beacock et al. [10] applied it to transversal 
sections. 
Furthermore, in other methods described the parameters are determined 
in different ways. 
b. There is a great difference in image quality of different ultrasonic equip­
ment, depending on type and stage of development. 
с Every investigator has examined different populations. 
Braun and Hofmann [11] did a comparative investigation of different 
methods in the same population. Each method had a standard deviation 
greater than 25%. No method was essentially better than another. 
Apart from the technical possibilities of the equipment, the accuracy of the 
ultrasonic determination of the residual volume may also depend on the 
image quality, but hardly on the presence/absence of factors influencing the 
form of the bladder. In our investigation the best results were obtained by 
using the formula of Braun, Hakenberg, Rageth or Hendrikx (Tab. II). But 
the use of formula V
u s
 = 0.5 (Vj + Vt) (3-dimensional method) gives equally 
good results (Tab. VI). 
Therefore, for the Briiel & Kjaer equipment a reliable and easy way to cal­
culate the residual volume is obtained using this formula. 
If we compare the results of the 2 investigators in our own study we see 
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(Fig. 4) that they have an equally good accuracy, although they only had 1 
week's training in echography of the residual volume, which suggests that 
the technique can be learned quickly and well enough at least for clinical 
applications. 
In Tab. VII we can see that ultrasound calculates smaller residual 
volumes less correctly than larger volumes. 
One possible reason for this could be that the images have an inferior 
quality compared to those of larger volumes. 
Another reason is the relatively high increase of the "residual" volume 
after the ultrasonic measurement and before the determination of Vc caused 
by constant urine production of the kidneys. 
This is more clearly demonstrated if we use the planimetrie method, 
which is more time consuming. Even larger volumes may therefore give 
mostly too low and inaccurate results. 
Another disadvantage of the planimetrie method is that it is difficult for 
the patient to stay in the same position during investigation, although this 
method has been proved to be very accurate in in-vitro investigation. 
Conclusion 
Allthough the ultrasonic determination of the residual urine is not very 
accurate (ν
α ΰ Λ β ί β Γ
 =(0.75-1.25) V (uKrasonicaUy detenmn«» i n m ° r e than 34% of our 
patients, it still produces clinically relevant information and prevents the 
side effects of catheterization. Several methods can be applied in estimating 
the residual urine. With our equipment the application of the following for­
mula seems to be the most convenient: V
u s
 = 0.5 (Vj + Vt). Inaccuracy may 
increase if the V
c
 is smaller than 200 ml. 
Factors that might influence the form of the bladder did not essentially 
change the accuracy of the method in our investigations, although a good 
quality of the image may improve it. 
Instead of catheterization in order to determine the residual volume 
ultrasonic measurement is strongly recommended to prevent pain, urine 
tract infection and urethral strictures. 
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Abstract 
In a cadaver study we aimed to prove that the application of Hastak's tech-
nique of planimetrie volumetry of the prostate, using transrectal ultrasono-
graphy, is a correct method. We used Briiel and Kjaer equipment (type 1846 
+ 1850, 4 MHz) in measuring 25 prostates of cadavers (all older than 40 
years). Ultrasonically and physically measured volumes were compared. 
Only small differences (+4 to -6 cm3) were due to measurement errors. We 
conclude that planimetrie volumetry of the prostate by transrectal ultra-
sonography is a very accurate method. 
Introduction 
The importance of calculating the exact prostatic volume has been empha-
sized in many clinical studies [1,2]. The operative approach to patients with 
prostatism is directly dependent on this volume [1, 3, 4]. Smaller prostates 
can be removed by transurethral resection. In our clinic, patients with en-
larged prostates (> 60 cm3) are selected for an abdominal procedure 
(Hryntschak operation) [2]. 
In the case of patients with prostatic carcinoma, the exact prostatic 
volume can be a useful parameter for the evaluation of the reaction to treat-
ment [2,5,6,7,8]. 
Estimating the prostatic size by conventional methods like rectal exami-
nation, cystography, intravenous urography (IVU) or by urethrocystoscopy 
(UCS), shows an enormous number of substantial errors [3,4, 9,10]. 
Calculation of the prostatic volume by planimetrie volumetry using 
transrectal ultrasonography (US) introduced by Watanabe [12] and de-
scribed by Hastak [10] and Reindl [11], has been applied in our clinic for 
many years now, but it has never been proved that this routine method pro-
duces correct results. 
In this study, performed on cadavers, we aimed to investigate the accura-
cy of estimating the prostatic volume by using transrectal ultrasound. In 
order to do so, we compared the ultrasonographically measured volume of 
the prostate with its volume after radical prostatectomy. 
Material and methods 
In a post-mortem study of 25 cadavers, prostatic volumes were calculated 
transrectally by the ultrasonic planimetrie method according to Hastak [10]. 
The scanner is mounted on a fixing sledge that can be moved at 5 mm inter-
vals. Serial transverse scans of the prostate are obtained from base to apex. 
Of each prostatic section thus obtained the outline is traced. The area of each 
transverse section is calculated with an electronic planimeter (pencil follo-
wer) connected to a computer, which also calculates the total volume 
expressed in cubic centimetres. 
Ultrasonography was executed with the Briiel and Kjaer equipment, type 
1846 + 1850,4 MHz probe, focus 3-7 cm. 
To prevent disturbing echos, the rectal canal was cleaned before examina-
tion and filled with ultrasonic gel, the body was placed in the same side 
position as that chosen for measuring our patients' prostatic volume. To 
avoid autolytic artifacts the examination was performed within 12 hours 
after death, the body being preserved at 40C. 
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After the ultrasonic determination of the volume of the prostate, the patho-
logist did an autopsy, removed the complete prostate carefully and measu-
red the exact volume in a measuring jug. 
Results 
The ultrasonographically measured volumes are shown in Table I. In the 
same table the corresponding true volumes, measured in a jug after prosta-
tectomy, are demonstrated. 
The two acquired volumes were statistically compared (paired t-test, p= 
0.05). The average difference is -1.0 cm3, standard deviation 2.5 cm3. Almost 
all differences between the two measuring techniques range between -4 and 
+4 cm3 and seem basically due to measurement errors and a small systema-
tic underestimation of 1 cm3 by the ultrasonic method (Fig. 1). 
Discussion and conclusion 
From our results (Tab. I, Fig. 1) it is clear that the planimetrie volumetry 
using transrectal ultrasound is a very accurate method. The results are in 
agreement with the study of Hastak [10] and Reindl [11] and also with that 
of Watanabe [12], although he used other ultrasonic equipment and a diffe-
rent ultrasonic method. Other echographic approaches to the prostate 
(transabdominal and perineal) give less accurate results, because the increa-
sed distance between the transducer and the prostate itself can only produce 
images with less resolution and fewer details [3,5]. 
The pubic bone may also be a hindrance for this approach, especially in 
the case of a small prostate and a minimal bladder capacity [10]. 
The invasive transurethral method is also accurate, but can have its com-
plications of urine tract infections and urethral strictures [5,6]. 
The determination of the prostatic volume with the transrectal approach 
does not have these limitations[10]. 
Although the ultrasonic equipment is rather expensive, the scanning 
technique is easy to leam and the investigation is hardly a burden for the 
patient. It is easily repeatable, quickly executed, very accurate and therefore 
of great clinical value for the evaluation of patients with prostatism and the 
treatment of patients with prostatic cancer. 
ultrasound 
100 
80 100 
cadaver 
Figure 1: Comparison of prostatic volumes in cm' measured by planimetrie ultrasonic volume-
try and after prostatectomy measured in a jug 
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Table I: Comparison of prostatic volumes measured by planimetnc ultrasonic 
volumetiy and after prostatectomy in a jug 
Planimetrie Volume Prostatic Volume, Difference between 2 
Pat.no of the Prostate (cm') Measured in Jug (cm') Measured Volumes (cm3) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
13 
28 
30 
28 
27 
49 
18 
24 
18 
16 
36 
19 
26 
13 
17 
22 
60 
17 
25 
23 
95 
46 
16 
25 
28 
12 
24 
32 
24 
28 
52 
18 
28 
19 
17 
40 
22 
25 
16 
19 
22 
64 
19 
25 
26 
94 
45 
17 
31 
26 
1 
4 
-2 
4 
-1 
-3 
0 
-4 
-1 
-1 
-4 
-3 
1 
-3 
-2 
0 
-4 
-2 
0 
-3 
1 
1 
-1 
-6 
2 
Mean 28.8 29.8 -1.0 
SD 17.9 17.9 -2.5 
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Abstract 
Digital palpation is rather unreliable for estimating the volume of the 
prostate. Ultrasonographic measurements have been advocated as a more 
appropriate method. We examined 47 patients ultrasonographically. Of 
these, 34 underwent a transurethral resection of the prostate (TURP) (ultra-
sonographic volume 29 patients: prostate < 60 cm3, 5 patients with cardio-
vascular problems: prostate > 60 cm') and 13 an open prostatectomy accor-
ding to Hryntschak (prostate > 60 cm3). 
In all patients ultrasonically determined volumes were compared with 
the operatively removed volume of prostatic tissue. 
If the size of the prostate had been estimated by digital palpation only, 12 
patients would have undergone the wrong procedure (TURP instead of a 
Hryntschak-procedure). 
Ultrasonographic calculation of the prostatic volume demonstrated that 
all of these patients could be treated with less risk. 
After resection or abdominal prostatectomy some prostatic tissue remains. 
We concluded that there is no clear difference in the incidence of secondary 
prostatic obstruction (in need of a re-TURP) either after abdominal prosta-
tectomy or after a TURP. 
Introduction 
For patients with prostatism caused by benign prostatic hypertrophy 
(BPH) an exact measurement of the prostatic volume is needed, since this 
volume is decisive for the type of prostatectomy to be performed i.e., trans-
abdominal open prostatectomy or transurethral resection (TURP). 
The reason for this differentiation is the fact that when a TURP lasts for 
more than one hour, the risk of complications (infection, bacteriemia, sepsis, 
TUR syndrome, anemia, postoperative bleeding, haemodynamic disturban-
ces) is greater than in a Hryntschak- procedure [1]. If the TURP can be per-
formed within one hour the risk of complications (postoperative bleeding, 
wound infections and pulmonary problems) is smaller than in a 
Hryntschak-procedure) [2]. Therefore, patients with smaller prostates 
should not be exposed to the relatively more dangerous abdominal 
approach. Furthermore, TURP is more cost-effective [3]. 
In our training program, it has been established that a resection of a 
prostate smaller than 60 cm3 can usually be performed within sixty minutes: 
a reason to accept 60 cm3 as a limit for TURP. 
In many instances, however, the TURP will be prolonged beyond this 
limit of 1 hour, of the prostatic size is only evaluated by digital palpation 
due to underestimation. 
With the development of the transrectal ultrasound scanner, it became 
possible to measure the volume of the prostate more exactly [4-7]. 
The present study has been undertaken to prove the accuracy of the 
ultrasonographic volumetry in enlarged prostates, compared with the vol-
umetric estimation by digital palpation. The findings of preoperative ultra-
sonic volumetry were prospectively compared with the volume of the surgi-
cally removed prostatic tissue (TURP or transabdominal prostatectomy). 
It has been an attempt to establish which procedure (TURP or abdominal 
prostatectomy) is more radical in removing prostatic tissue, in order to pre-
vent secondary prostatic obstruction. 
Material and methods 
A clinical prospective study was performed in 47 patients with prostatism 
(age 44-89 years) (mean 67.2, SD 10.1). 
In all patients the prostatic volume was estimated by digital palpation 
and calculated according to the planimetrie ultrasonographic method 
described by Hastak, Gammelgaard and Holm [1]. All benign obstructive 
prostates were removed either transabdominally or transurethrally. The 
removed volume of prostatic tissue was measured. 
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The results were analyzed and we calculated the number of patients for 
whom an incorrect operative procedure would have been planned, if pre-
operative transrectal ultrasonographic determination of the prostatic 
volume had been omitted. 
We also analyzed which procedure was superior in attempting to remove 
the larger part of the measured prostatic volume, and in preventing a 
secondary prostatic obstruction. 
Results 
By digital palpation only 6 patients of the 47 had an estimated volume 
greater than 60 cm3, whereas transrectal planimetrie ultrasonography 
showed 18 patients in the same group to have an estimated volume greater 
than 60 cm3 (Tab. I, Fig. 1). 
The prostatic volume estimated by digital palpation and calculated by 
ultrasound was compared with the surgically removed amount of prostatic 
tissue (Tab. I). 
Allthough the transurethrally removed prostatic volume is multiplied 
with a factor 1.3 according to Rasmussen [8] and Einarsson, Lyrdal and 
Neidhardt [9] to compensate for the loss of tissue due to electroresection, 
still large differences can be noticed (Tab. I). 
34 patients underwent a TURP: 29 whose prostatic volume was smaller 
than 60 cm3 (ultrasonically determined) and 5 whose prostatic volume was 
larger but had serious cardiovascular problems. The remaining 13 patients 
underwent a Hryntschak-procedure. 
The relation between ultrasonographic volume measurement of the 
prostate and operatively removed prostatic tissue is shown in Figure 2 for 
each type of operation. 
In 42 patients (5-high-risk patients who underwent a "small" TURP were 
excluded), the differences between ultrasonographically measured volume 
and removed prostatic tissue are compared in relation to the operative pro-
cedure (TURP versus Hryntschak). We found that the Hryntschak-
procedure leaves a larger mean of prostatic tissue behind (32 cm3) compared 
with a transurethral resection (17 cm3) (Tab. II, Fig. 3). 
In this group of 42 patients, 3 patients needed a re-operation (TURP) 
because of obstructive prostatic disease within eight months after the opera-
tion. Two patients underwent a TURP before and one a Hryntschak-procedure. 
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Table I: Comparison of estimated volume of prostate by digital examination ( вд), trans­
rectal planimetrie ultrasonography (V
ug) and removed prostatic tissue (VRp-[-) (N= 47) 
Prostatic Number of patients 
Volume (cm5) Vpg 
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0-59 
60-74 
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Figure 1: Comparison between prostatic volume estimated by digital examination and 
calculated by transrectal planimetrie ultrasonography (N= 47) 
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Figure 2; Relation between ultrasonographically measured volume of prostate and operatively 
removed prostatic tissue for different operative procedures (O = TURP and О = Hryntschak, 
N=47). (Five patients had a ultrasonographically estimated volume of > 60 cm' but underwent a 
TURP because of cardiovascular problems) 
Table II: Differences in ultrasonographically measured volume of prostate and operatively 
removed prostatic tissue, related to the operative procedures (N=42) 
Difference in cm3: US minus 
Removed Tissue 
Operative Procedure 
TURP 
N=29 
Hryntschak 
N=13 
Mean 
17 
32 
SD 
10 
25 
Range 
2-37 
4-93 
Median 
17 
23 
98 
volume diff 
100-
90-
80-
70-
60 
50 
40 -
3 0 -
20-
10-
0 4 
type of operation 
Figure 3: Differences in ultrasonographically measured volume of the prostate and operatively 
removed prostatic tissue related to operative procedures (TURP= 1 and Hryntschak= 2, N=42) 
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Discussion 
According to our criteria (Hryntschak-procedure for prostates > 60 cm3, 
TURP for prostates < 60 cm3), we can state that in our group of 47 patients 
with prostatism, the wrong operation (TURP instead of Hryntschak) would 
have been planned in 12 cases, if ultrasound had been omitted. 
Serious problems because of a transurethral resection lasting too long 
and unnecessary abdominal surgical approaches can generally be preven-
ted, if the correct prostatic volume is known preoperatively. 
The operation schedule can also be planned better, because the duration 
of the transurethral resection can be estimated more accurately, since there is 
a clear relation between the needed operation time and the prostatic volume 
to be resected [10]. 
In addition to this, one should realize that in patients with prostatism 
transrectal ultrasound can be decisive in the final diagnosis: prostatitis or 
carcinoma, which prevents initial surgery. Both diagnoses require a comple-
tely different therapeutic approach [11,12]. 
The constantly smaller quantity of prostatic tissue removed by TURP 
compared with the ultrasonically determined volume (Figs. 2 and 3) is due 
to different factors: 
1. The loss of tissue by coagulation: about 30 per cent according to 
Einarsson et al. [9] and Rasmussen [8]. But even if we multiply the resec-
ted volume by 1.3, we still see a large difference. 
2. to prevent pre- and postoperative complications especially for older, 
high-risk patients, the resection is performed within the shortest time to 
allow micturition, without taking more than the necessary anesthetic 
risks. Some prostatic tissue may stay behind. 
3. The smaller quantity of removed prostatic tissue by the Hryntschak 
procedure compared with the preoperative ultrasonographically measu-
red volume (Figs. 2 and 3) may be due to the fact that with this operation 
only the adenoma is removed. The peripheral zone remains and acciden-
tally smaller adenomas as well. 
In our investigation we see that the Hryntschak-procedure is less radical 
in removing prostatic tissue compared with the transurethral resection 
(Fig. 3). In a follow-up study of five years by Meyhoff and Nordling [13], 
it is mentioned that only 3 of 43 patients needed a secondary TURP 
because of prostatic obstruction. Patients who underwent abdominal 
prostatectomy did not need a secondary TURP. Initially all patients had 
median-sized prostates. 
In his investigation Caine [14] found an incidence of 5 percent of residual 
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prostatic obstruction after TURP and an incidence of 2 percent after abdomi­
nal prostatectomy. 
Similar to those results, 3 (7 percent) of our 42 patients needed a secondary 
TURP, one of whom underwent a Hryntschak-procedure before, but our fol­
low-up time was relatively short (average 8 months). 
Conclusion 
Ultrasonographic determination of the size of the prostate in patients with 
prostatism can be regarded as a useful procedure for the determination of 
the type and duration of the operation and hence for preventing unnecessary 
complications. Moreover, if during the same ultrasonographic procedure 
characteristics of prostatitis or carcinoma of the prostate are recognized, a 
completely different therapeutic approach is required and an unneedcd 
operative procedure can be omitted. 
There is no clear relation between the low incidence of secondary 
prostatic obstruction and the type of operation performed; therefore the 
TURP and Hryntschak-procedures are equally favorable in this respect. 
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9 
Summary and prospects 

In order to demonstrate the importance of ultrasound in urology, the most well-
known ultrasonographic applications in this area have been studied. 
In 1937 ultrasound made its entry into medical science through psychiatry. 
Since then it has been applied very quickly in many specialisms, under the 
influence of developments in industry [1]. 
This also happened in the field of urology in which ultrasonography (US) is 
now an indispensable tool for the diagnosis of various abnormalities in 
kidneys, bladder and prostate [2-6]. 
Some physical basic principles which can contribute to a better ultrasono-
graphic image and its interpretation are briefly discussed. Also some sugges-
tions are made that may increase the value of ultrasound in practice, such as 
the choice of the transducer, the preparation of the patient and the facilities that 
are to be provided for the examination room. 
In a prospective study of 120 patients with prostatism it is shown that intra-
venous urography (IVU) is better replaced by US of the kidneys for diagnosing 
pathology of the upper urinary tract. 
As a screening method, preoperative US of the kidneys, bladder and prostate 
yields sufficient information and it can be performed during one single visit at 
the outpatient department [2]. 
Especially for demonstrating abnormalities of the prostate, ultrasound is 
more appropriate than IVU or urethrocystoscopy (UCS). 
For the distinction among hypertrophy of the prostate, prostatitis or carci-
noma of the prostate as causes of prostatism, transrectal US can be of impor-
tance, but there is as yet no consensus as to the ultrasonographic characteristics 
of these abnormalities [7-11]. Practice shows that recognizing ultrasonographic 
characteristics also requires a fair amount of experience. In this group of 
patients with complaints of prostatism, UCS does turn out to be mandatory for 
the detection of bladdemeck sclerosis and urethral strictures. 
It is important to stage bladder tumors correctly because it affects the choice 
of the therapeutic approach [7]. None of the techniques known so far, including 
computed tomography (CT), prove to be very accurate in their staging. 
Intravesical US and Magnetic Resonance Imaging (MRI) with a double sur-
face coil are new techniques that have proved their value in this respect [12-16]. 
A study of 15 patients with bladder tumors, seems to demonstrate the com-
plementary character of intravesical US and MRI with a double surface coil for 
indicating the extent of invasiveness in staging: up to and including stage pT2, 
US appears most reliable and in the case of deeper infiltration MRI seems to be 
more accurate [3]. 
In order to quantify the importance of ultrasound and MRI in the staging of 
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bladder tumors, and to determine the sensitivity and the specificity of these 
new techniques, a more extensive prospective study is needed. 
The therapy is determined on the basis of the staging by means of micro-
scopic examination of tissue obtained by fractionated transurethral resection 
(TUR) and by at random biopsies. Ultrasound and MRI are less invasive and 
have a supporting function [8]. If preoperative intravesical ultrasonographic 
screening shows tumors that are growing more deeply into the bladder wall, 
this is an argument for deeper resection. In this respect intravesical US should 
become a standard procedure before every TUR of a bladder tumor. For the 
same reason, MRI should be used, provided that it does not delay the operation 
too much, because its availability is limited. 
A very important application of ultrasound in urology is the ultrasono-
graphic determination of the residual urine in the bladder. We have demonstra-
ted that there is a good enough correlation between the ultrasonographically 
determined residual urine and that measured by catheterization^]. This has 
been done in a clinical study of 163 patients and 13 testées, in which the value of 
different methods of ultrasonographic determination of the residual urine was 
investigated. Factors other than the extent of the residual volume itself seem to 
be of very little influence on the accuracy of the ultrasonographic determination. 
The catheterization traditionally used for determination of the residual urine 
often causes urinary tract infections, urethral strictures and pain for the patient. 
In order to avoid these complications preference is given to ultrasonographic 
determination of the residual urine. 
In patients with prostatism it is important to determine the prostatic volume 
as accurately as possible. In deciding on the therapy in the case of benign 
prostatic hypertrophy, it is on the basis of this information that a justified choice 
is made between abdominal prostatectomy or transurethral resection of the 
prostate (TUR?) [19,20]. 
First in a cadaver study it was demonstrated that the planimetrie volumetry 
by means of transrectal US of the prostate, as described by Hastak, is an 
accurate method and hence suitable for clinical application [5,19]. 
Then, in a clinical study of 47 patients, the volume was measured accurately 
by means of planimetrie volumetry and compared with the volume that before-
hand had been estimated by means of rectal palpation. Taking into account that 
the average resection rate in a training clinic is 60 cm1 per hour, this was taken 
as a limit to minimize complications. 
Prostates larger than 60 cm1 were removed by abdominal prostatectomy and 
those smaller than 60 cm3 were resected by means of a TURP. 
Analysis of the data showed that, had the prostate volume been determined 
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by rectal palpation only, quite erroneously in 12 patients a transurethral resection 
of the prostate would have been performed instead of an abdominal prostatec-
tomy. It is for this reason that transrectal planimetrie volumetry is recommen-
ded in the preoperative evaluation of patients with prostatism [6]. An additio-
nal advantage of this technique is that ultrasonographic characteristics of a 
carcinoma of the prostate or prostatitis can be determined during this measure-
ment. It is a matter of course that both diseases require a completely different 
therapeutic approach. 
That the importance of ultrasound in virology would not be restricted to these 
subjects already showed in the period during which the research projects 
described here were carried out. 
It has already been mentioned that IVU can be replaced by US of the 
kidneys in screening patients with prostatism for the detection of pathology of 
the upper urinary tract. US is also preferable to IVU in screening of many other 
urological abnormalities [21]. Both allergic reactions to contrast media and 
radiation can be avoided. The latter argument, of course, plays a more impor-
tant role in the case of a diagnostic examination during pregnancy. The patient 
does not experience an ultrasonographic examination as inconvenient; it can be 
carried out safely and quickly, and it is cost-effective. 
In the pre- and postoperative period in urological reconstructive surgery, 
possible dilatation of the calyceal system can easily be determined. An increase 
or a decrease of this dilatation can be quantified and registered by means of 
pictures. The moment of intervention can be chosen precisely. 
Since 1974, US has become more and more important for the guidance of 
diagnostic and therapeutic punctures [22,23]. An echo-guided puncture of the 
calyceal system is the basis of a quick and safe procedure for patients with 
urosepsis caused by obstruction and as a first step in a percutaneous litho-
lapaxy or a pressure flow study [24]. 
Other organs and fluid collections can also be depicted ultrasonographically 
and with the help of a puncture the diagnosis can often be made after examina-
tion of the obtained material. Especially echo-guided punctures of the prostate 
are often carried out. 
In our clinic US plays an important role in the imaging of the retroperitoneum 
and postoperative fluid collections. Echo-guided punctures can also be carried 
out successfully in these cases, if indicated [25]. 
Scrotal pathologic conditions are not always easy to diagnose. In the case of 
an "acute scrotum" and testicular tumors a quick diagnosis is of great impor-
tance. US can often be helpful in these conditions [26]. Transducers with a higher 
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frequency (7-10 MHz) are preferably used because of their better resolution. US 
is indispensable for diagnosing tumors in non-palpable testes [27]. 
In diagnosing a testicular torsion US is of limited value [28]. The subsequent 
intratesticular abnormalities are visible only after 24 hours [29]. 
It can only bring to light diagnosis of testicular torsion if the epididymis no 
longer finds itself in a posterolateral position on the ultrasonographic image. 
In patients suffering from infertility transrectal US can detect possible patho-
logic conditions of the seminal vesicles. The cavernous arteries can be scanned 
with a high frequency transducer and by means of the Doppler technique the 
flow in these arteries can be measured [30]. 
In this way vascular causes of impotence can be diagnosed [30]. 
Ultrasound has also proved its importance in the visualization of the proximal 
urethra. By means of transvaginal or transrectal longitudinal US detrusor-
sphincter dyssynergia can be visualized [31]. In the future it will have to be 
proved whether this application can be considered a valuable addition to 
present-day diagnostics. 
At the moment the most important development in urological US is the 
possibility of detecting a small localized carcinoma of the prostate. 
Transrectal ultrasonographic screening of patients with prostatism revealed 
characteristics of a carcinoma in some of our 120 patients [2]. Microscopic 
investigation of prostatic tissue obtained with echo-guided biopsies can 
demonstrate the presence of a carcinoma. 
However, the ultrasonographic characteristics of carcinoma of the prostate 
are still a subject of discussion [7-11]. Asymmetry, capsular breach and vesicu-
lar invasion are internationally accepted criteria of an invasively growing carci-
noma of the prostate [8,9,32,33]. 
There is less agreement about the recognition of a small carcinoma that is 
still within the prostatic outline and which, without established metastases, 
could be cured by means of radical prostatectomy [8-11]. Tissue can be obtai-
ned from possibly malignant areas by means of echo-guided punctures. The 
pathologist tries to make a diagnosis through microscopic examination of this 
tissue. 
In order to limit the number of false positive punctures in such a study as much 
as possible and to determine the extent of invasiveness with the help of the 
ultrasonographic image as accurately as possible, a cadaver study has been 
started in which ultrasonographic images are compared with histological slides 
of the same level. 
As a result, ultrasonographic characteristics of a carcinoma of the prostate 
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can be defined more accurately, which is important for proposing research 
programs for the early detection of carcinoma of the prostate [34-36]. 
It seems that the basis for such a research program has been provided if a 
curable carcinoma of the prostate can be traced ultrasonographically with the 
help of the aforementioned characteristics [7,37]. 
Bi- and multiplane probes for transrectal and transvaginal scanning need to 
be mentioned as new technical developments. They can show different cross-
sections of the organs that are to be examined. They can prove to be especially 
valuable in transrectal US of the prostate for the early detection and staging of 
carcinoma of the prostate. 
The grey-scale technique is important in differentiating tissue. Although 
some equipment can show more than 20 different scales of grey, they cannot all 
be perceived by the human eye [38]. 
Little details and small differences in the texture of tissue can also be ana­
lyzed, using computerized analyses of the ultrasono-graphic images. In the 
field of urology this application of ultrasonography is still in an early stage of 
development [39]. 
The present development of equipment with coloured ultrasonographic 
images can show greater differentiation of different structures [40]. This 
development too may be of g^eat importance to ultrasonography and especially 
for the early detection of carcinoma of the prostate [41]. 
In conclusion, one can say that ultrasonography occupies a deservedly 
important place in the diagnostic equipment of urology. It is to be expected that 
this position will become increasingly important, because of the aforemen­
tioned developments in the fields of electronics, physics and also within the 
field of urology itself. 
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Samenvatting en toekomstperspectieven 
Om het belang van ultrageluid in de urologie aan te tonen zijn de meest 
bekende echografische toepassingen op urologisch terrein bestudeerd. 
In 1937 deed het ultrageluid zijn intrede in de geneeskunde via de psy-
chiatrie. Sindsdien is het, mede onder invloed van de ontwikkelingen in de 
industrie, zeer snel binnen vele specialismen toegepast [1]. 
Dit gebeurde ook binnen de urologie waar echografie nu een onmisbaar 
instrument is voor de diagnose van diverse afwijkingen in nieren, blaas en 
prostaat [2-6]. 
Enkele fysische beginselen die kunnen bijdragen tot een beter echogra-
fisch beeld en de interpretatie ervan, worden kort besproken. Ook worden 
er enkele suggesties gedaan die de waarde van het ultrageluid in de praktijk 
kunnen verhogen zoals de keuze van de transducer, de voorbereiding van 
de patient en te treffen voorzieningen in de echokamer. 
In een onderzoek, uitgevoerd bij 120 patiënten met prostatisme, wordt 
aangetoond dat intraveneuze urografie (IVU) voor het vaststellen van pat-
hologie in de hogere urinewegen, beter vervangen kan worden door echo-
grafie van de nieren. 
Pre-operatieve echografie van nieren, blaas en prostaat kan gedurende 
één poliklinisch bezoek worden uitgevoerd en levert als screeningsmcthode 
voldoende gegevens op [2]. Vooral voor het aantonen van prostaatafwijkin-
gen is ultrageluid geschikter dan IVU of urethrocystoscopie (UCS). 
Voor het onderscheid tussen prostaathypertrofie, prostatitis of prostaat-
carcinoom als oorzaak van prostatisme kan transrectale echografie van bete-
kenis zijn, maar over de echografische kenmerken van deze afwijkingen 
bestaat nog geen eenstemmigheid [7-11]. Uit de praktijk blijkt dat ook het 
herkennen van echografische kenmerken de nodige ervaring vereist. 
Wel blijkt UCS onontbeerlijk voor het aantonen van blaashalssclerose en 
urethrastricturen in deze groep van patiënten met prostatismeklachten. 
Het is belangrijk blaastumoren correct te stadiëren omdat dit de behande-
lingstrategic bepaalt [17]. Alle tot op heden bekende technieken, inclusief de 
computertomografie (CT), blijken niet erg accuraat te zijn in hun stadiëring. 
Intravesicale echografie en nucleaire magnetische resonantie (NMR) met een 
dubbele oppervlakte spoel zijn nieuwe technieken die in dit opzicht hun 
waarde hebben bewezen [12-16]. 
Een onderzoek bij 15 patiënten met blaastumoren suggereert dat bij de sta-
diëring intravesicale echografie en nucleaire magnetische resonantie (NMR) 
met een dubbele oppervlakte spoel complementair zijn voor het aantonen 
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van de mate van invasiviteit: tot en met het stadium pT2 lijkt echografie het 
meest betrouwbaar, bij diepere infiltratie ziet het er naar uit dat de NMR 
nauwkeuriger is [3]. 
Een ruimer opgezette, prospectieve studie is nodig om het belang van 
ultrageluid en NMR bij de stadiëring van blaastumoren te kwantificeren en 
de sensitiviteit en specificiteit van deze nieuwe technieken vast te stellen. 
Bij het bepalen van de therapie wordt uitgegaan van de stadiëring die tot 
stand komt door microscopisch onderzoek van weefsel, verkregen door 
gcfractioneerde transurethrale resectie (TUR) en at random biopten. 
Ultrageluid en NMR zijn minder invasief en vervullen een ondersteunen-
de functie [18]. Wanneer bij preoperatieve intravesicale echografische 
screening tumoren worden gezien, die dieper in de blaaswand infiltreren,is 
dit een argument deze ook dieper te reseceren. In dit opzicht zou de intrave-
sicale echografie een standaardprocedure moeten worden voor iedere TUR 
van een blaastumor. 
Hetzelfde geldt voor de NMR, mits deze door de beperkte toegankelijk-
heid de operatieve ingreep niet te lang uitstelt. 
Een zeer belangrijke toepassing van ultrageluid in de urologie is de echo-
grafische bepaling van het residuvolume van de blaas. Wij hebben aange-
toond dat er voldoende correlatie bestaat tussen het echografisch bepaalde 
residu van de blaas en het residu gemeten m.b.v. catheterisatie [4]. Dit 
geschiedde in een klinische studie waaraan 163 patiënten en 13 proefperso-
nen deelnamen en waarbij verschillende methodes van echografische resi-
dubepaling op hun waarde werden getoetst. Behalve de grootte van het resi-
duvolume zelf, lijken andere factoren nauwelijks van invloed op de nauw-
keurigheid van de echografische bepaling. Aan de echografische residu-
bepaling wordt de voorkeur gegeven om de traditionele catheterisatde ter 
bepaling van het residuvolume en daardoor urineweginfecties, urethrastric-
turen en pijn bij de patient te voorkomen. 
Bij patiënten met prostatisme is het van belang dat het prostaatvolume zo 
nauwkeurig mogelijk wordt vastgesteld. In geval van benigne prostaat-
hypertrofie kan op basis van deze gegevens bij het vaststellen van de 
therapie een verantwoorde keuze gemaakt worden tussen een abdominale 
prostatectomie dan wel een transurethrale resectie van de prostaat [19,20]. 
Eerst werd in een cadaverstudie aangetoond dat de planimetrische volu-
metrie door transrectale echografie van de prostaat, zoals beschreven door 
Hastak, een nauwkeurige methode is en dus geschikt voor klinisch toepas-
sing [5,19]. 
Vervolgens werd in een klinische studie bij 47 patiënten op planime-
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Irische wijze het volume nauwkeurig gemeten en vergeleken met het volu-
me dat te voren d.m.v. rectaal toucher was geschat. Rekening houdend met 
de gemiddelde resectie snelheid in een opleidingskliniek (60 cm3 per uur) 
werd om complicaties te beperken als limiet 60 cm' genomen. Daarboven 
vond een abdominale prostatectomie plaats en daaronder werd een TURP 
uitgevoerd. 
Bij analyse van de gegevens bleek dat bij 12 patiënten ten onrechte een 
transurethrale resectie van de prostaat zou zijn uitgevoerd i.p.v. een abdo-
minale prostatectomie, als het prostaatvolume zou zijn vastgesteld door het 
rectaal toucher alleen. Derhalve wordt transrectale planimetrische volume-
trie dan ook aanbevolen bij de pre-operatieve evaluatie van patiënten met 
prostatisme [6]. Een bijkomend voordeel van deze techniek is, dat tijdens 
deze meting echografische kenmerken van een prostaatcarcinoom of prosta-
titis kunnen worden vastgesteld. Beide afwijkingen behoeven uiteraard een 
geheel andere therapeutische benadering. 
Reeds tijdens de periode waarin de beschreven onderzoeksprojecten wer-
den uitgevoerd, bleek dat de betekenis van het ultrageluid voor de urologie 
niet tot deze onderwerpen beperkt zou blijven. 
Er is reeds gemeld dat bij de screening van prostatisme patiënten voor 
het opsporen van pathologie in de hogere urinewegen het IVU vervangen 
kan worden door echografie van de nieren. 
Ook bij de screening van vele andere urologische afwijkingen verdient 
echografie de voorkeur boven het IVU [21]. Allergische reactie op contrast-
middelen kan worden vermeden en er is geen stralingsbelasting. Dit laatste 
argument speelt natuurlijk een nog belangrijker rol, wanneer het gaat om 
diagnostiek in de zwangerschap. 
De patient ervaart een echografisch onderzoek niet als belastend: het kan 
veilig en snel worden uitgevoerd en het is kostenbesparend. 
Bij urologische reconstructieve chirurgie kan in de pré- en postoperatieve 
periode eventueel dilatatie van het bekkenkelkensysteem op eenvoudige 
wijze worden vastgesteld. Toe- of afname van deze dilatatie kan worden 
gekwantificeerd en door middel van foto's worden vastgelegd. 
Het moment van interventie kan scherp worden bepaald. 
Echografie is sinds 1974 steeds belangrijker geworden voor de geleiding 
van diagnostische en therapeutische puncties [22,23]. Bij urosepsis op basis 
van stuwing en als inleiding op een percutané litholapaxie of een druk-per-
fusie studie, is een echogeleide punctie van het bekkenkelkensysteem de 
basis voor een vlotte en veilige procedure [24]. 
Ook andere organen en vochtcollecties kunnen echografisch worden 
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afgebeeld en m.b.v. een punctie kan de diagnose in vele gevallen na onder-
zoek van het verkregen materiaal worden gesteld. Met name echogeleide 
prostaatpuncties worden frequent uitgevoerd. 
In onze kliniek neemt echografie een belangrijke plaats in bij de afbeel-
ding van het retroperitoneum en postoperatieve vochtcollecties. Zo nodig 
kunnen ook hier puncties onder echogeleiding met succes worden uitge-
voerd [25]. 
Scrotale pathologie laat zich niet altijd eenvoudig diagnostiseren. Bij een 
acuut scrotum en bij testis tumoren is snelle diagnostiek van eminent 
belang. Echografie kan bij deze problematiek vaak behulpzaam zijn [26]. 
Bij voorkeur wordt dan gebruik gemaakt van transducers met een hogere 
frequentie (7-10 MHz.) vanwege hun betere resolutie. Voor de diagnose van 
tumoren bij niet palpabele testes is echografie onontbeerlijk [27]. 
Bij de diagnose van een torsio testis heeft echografie een beperkte waarde 
[28]. Intratesticulaire afwijkingen als gevolg hiervan zijn pas na 24 uur zicht-
baar [29]. Alleen als de epididymis op het echobeeld niet meer postero-late-
raal ligt, kan dit de diagnose torsio testis aan het licht brengen. 
Bij patiënten met infertiliteit, kan met behulp van transrectale echografie 
eventuele pathologie aan de vesiculae seminales worden opgespoord. 
Met een hoge frequentie transducer kunnen de cavemeuze arteriën wor-
den gescanned en m.b.v. Doppleronderzoek kan de flow in deze vaten wor-
den bepaald [30]. 
Vasculaire oorzaken van impotentie kunnen op deze wijze worden vast-
gesteld [30]. 
Ultrageluid heeft ook zijn betekenis getoond in visualisatie van de proxi-
male urethra. Detrusor-sphincter dyssynergie kan door middel van transva-
ginale of transrectale longitidunale echografie in beeld worden gebracht [31]. 
In de toekomst moet blijken of deze toepassing als een waardevolle aan-
vulling op de huidige diagnostiek kan worden beschouwd. 
De belangrijkste ontwikkeling in de urologische echografie op dit 
moment betreft de mogelijkheid om een klein gelokaliseerd prostaatcarci-
noom op te sporen. 
Bij de screening van patiënten met prostatisme werden met transrectale 
echografie bij enkele van onze 120 patiënten kenmerken van een carcinoom 
gesignaleerd [2]. 
Microscopisch onderzoek van prostaatweefsel verkregen d.m.v. echoge-
leide prostaatbiopsieën kan de aanwezigheid van een carcinoom aantonen. 
De echografische karakteristieken van een prostaatcarcinoom zijn echter 
nog steeds onderwerp van discussie [7-11]. 
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Asymétrie, kapseldoorbraak en vesiculaire invasie zijn internationaal geac-
cepteerde criteria van invasief groeiend prostaatcarcinoom [8,9,32,33]. 
Over de herkenbaarheid van een klein carcinoom dat zich nog binnen de 
prostaatcontour bevindt en dat zonder aangetoonde metastasen door mid-
del van radicale prostatectomie curabel zou zijn, is men het veel minder 
eens 18-111. 
Door middel van echogeleide puncties in mogelijk maligne gebieden 
wordt weefsel verkregen. De patholoog anatoom probeert door microsco-
pisch onderzoek hiervan tot een diagnose te komen. 
Om het aantal vals positieve puncties in zo'n studie zoveel mogelijk te 
beperken en om de mate van invasiviteit met behulp van het echobeeld zo 
nauwkeurig mogelijk te laten vaststellen, werd een cadaveronderzoek ver-
richt waarbij echografische beelden werden vergeleken met histologische 
coupes van hetzelfde niveau. 
Echografische kenmerken van een prostaat carcinoom kunnen dan beter 
worden gedefinieerd, hetgeen van belang is bij het voorstellen van onder-
zoeksprogramma's voor de vroege detectie van het prostaatcarcinoom 
[34-36]. 
Indien een curabel prostaatcarcinoom met behulp van genoemde ken-
merken echografisch opgespoord kan worden, lijkt de basis gelegd voor 
zo'n onderzoeksprogramma [7,37]. 
Als nieuwe ontwikkelingen op technisch gebied moeten de bi- en multi-
plane probes voor transrectalc en transvaginale scanning worden genoemd, 
die verschillende doorsnedes kunnen laten zien van de te onderzoeken 
organen. Met name bij transrectale echografie van de prostaat kunnen deze 
hun waarde bewijzen bij de vroege opsporing en stadiëring van het 
prostaatcarcinoom. 
De grey-scale techniek is belangrijk voor de differentiatie van weefsel. 
Hoewel sommige apparaten beschikken over meer dan 20 verschillende 
grijstinten, kunnen deze niet alle door het menselijk oog worden 
waargenomen [38]. 
Kleine details en geringe verschillen in weefselopbouw kunnen ook wor-
den geanalyseerd, gebruik makend van gecomputeriseerde analyses van 
echografische beelden. Voor de urologie is deze toepassing van echografie 
nog in een vroeg stadium van ontwikkeling [39]. 
De huidige ontwikkeling van apparatuur die is uitgerust met gekleurde 
echobeelden, kan meer differentiatie laten zien [40]. 
Ook deze ontwikkeling kan voor de echografie en in het bijzonder de 
vroege detectie van het prostaatcarcinoom van grote betekenis zijn [41]. 
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Concluderend kan men zeggen dat ultrageluid in de urologie met recht een 
belangrijke plaats inneemt in het diagnostisch armamentarium. 
De verwachting is dat deze plaats, door genoemde ontwikkelingen op 
het gebied van de electrónica, de fysica en ook binnen de urologie zelf, in de 
toekomst steeds belangrijker zal worden. 
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Stellingen behorende bij het proefschrift: 
Ultrasound in urology 
1 Bij screening van patiënten met prostatismc kan het intraveneus 
urogram en de urethrocystoscopie vervangen worden door 
echografisch onderzoek van nieren, blaas en prostaat. 
2 Het blaasresidu mag niet langer bepaald worden door middel van 
catheterisatie. 
3 Volumemeting van de prostaat kan het best worden uitgevoerd door 
middel van transrectale echografie op planimetrische wijze. 
4 Door de ontwikkeling van multiplane probes en beter biopsie 
instrumentarium kan men het prostaatcarcinoom in een vroeg stadium 
gemakkelijker detecteren. 
5 Een nierbiopsie moet uitgevoerd worden onder echogeleiding. 
6 Om echo te verstaan, moet men er veel hebben gedaan. 
7 De MAG-3 scan en de Whitakertest zijn de belangrijkste onderzoeken 
om een afvloedsbelemmering in de hoge urinewegen te kwantificeren. 
8 Een acute pijnlijke zwelling in het scrotum is een torsio testis totdat 
anderszins is bewezen. 
9 De starre ureterorenoscoop is ook in handen van "ervaren urologen" 
een gevaarlijk instrument. 
10 De uroloog gooit zijn eigen ruiten in wanneer hij de steenbehandeling 
anno 1989, goeddeels van achter een glazen scherm uitgevoerd, 
volledig uit handen geeft aan AGIO's of AGNIO's. 
11 De behandeling van een infectiesteen is pas succesvol, wanneer alle 
fragmenten met de infectie zijn verdwenen. 
12 Tropengeneeskunde is vaak deprimerend, geneeskundig werk in de 
tropen inspirerend. 
14 Motorracen is gevaarlijk, motorrijden niet. 
9 juni 1989, A.J.M. Hendrikx 



